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ONE WORLD — Men 


One of the most important facts about human 
beings is that they are not all alike. Yet if we are 
to survive, we must live in a world composed not 
only of differing individuals, but of differing groups. 
And if we are to adjust ourselves to such a world, 
we must understand wdiat such differences mean, 
liow^ they arise, how lasting they are likely to be and 
which of them may determine our individual and 
group destinies. In particular, we must know what 
differences are* inborn and permanent and which 
result from upbringing and education. 

In this second, revised and expanded edition ,of 
this important and illuminating book, Professors 
Dtinn and Dobzhansky analyze the facts of heredity 
and present the case of “nature*' and “nurture” in 
clear, simple, thoroughly scientific terms. Looking 
behind the external features of animals, plants and 
men, they describe the exact mechanism which 
governs heredity. They discuss in detail the ques- 
tions of how particular genes or combinations of 
genes are likely to increase, decrease or remain sta- 
tionary, and what significance these ideas have for 
the society of today and tomorrow. 

Over 10,000 words have been added to this revised 
edition, which also includes a discussion of the 
recent developments in the field, particularly the 
controversial “Lysenko theory.” The authors have 
selected examples from contemporary events to il- 
lustrate the fallacies of various racial theories. A 
convenient index has been added to this edition. 
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1. Human Differences 


Human beings are not all alike. From the beginning of 
the record and to this day there have always been big 
men and small men, strong men and weak men, wise 
men and fools. To some people music is the source of 
greatest pleasure, to others it is just unnecessary noise; 
some people draw easily and well, others can not sketch 
a simple figure; some enjoy intense activity and violent 
exercise, others prefer repose and meditation. In any 
large group of persons you will find some with good 
eyesight, others with poor, some will be color-blind or 
unable to taste or smell some particular substance; and 
if you examine their facial features or their finger pat- 
terns, you will find that actually no two persons are 
alike. One thing you can be sure of is that the next man 
you meet will be different from the last, and if you visit 
a new country you will certainly find different customs 
and ways of doing things,. 

Diff^ences among men are important because they 
underlie the conflicts which have shaken the world since 
history began. But human diversity is also responsible 
for the great material and cultural progress of mankind. 
If you dp not believe that it takes all kinds of people to 
make|?ur kind of world, just try to imagine its opposite, 
a wo|?ld in which ail men are alike. Gould such a world 
have farms and factories, automobiles and airplanes, 
newspapers and symphony orchestras, poetry and scien- 
tific research? 

Tlpt human diversity leads to both bad and good 
results should make us pause and consider that it is not 
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the differences themselves which instigate strife and con- 
flicts but rather our way of regarding them. Human 
differences often seem so important that %ve forget that, 
after all, men are fundamentally very similar to each 
other. American democracy is based on the idea that all 
men are born equal before the law. Yet although they 
have equal rights they are assuredly not all alike. And 
perhaps the most precious right of each man is to have 
his unique personality respected by others, to be allowed - 
to be different from his fellows. 

The problem we must face is how to live in a world ; 
in which persons and groups differ in political opinion^, 
in moral and religious beliefs, and in all kinds of tastes * 
and predilections. To adapt ourselves to such a world, ^ 
we must understand what human differences mean, how | 
they arise, how’^ lasting they may be, and whether we | 
may be able to control them. 5 

For example, one of the ways in which men differ ^ 
sharply from each other without knowing it is in their 
ability to taste a chemical substance known as phenyl* j 
thio-carbamide (PTC for short). To about 70 per cent | 
of Americans, a weak solution of this substance has an | 
intensely bitter taste; to the other 30 per cent it is almost J 
tasteless. This difference is inherited, and it is not I 
'known to be influenced by any changes in the environ* J 
ment. Now imagine that PTC is used as a disinfectant* 
in drinking water in a town in which no one has heardM 
of the difference between **tasters” and “taste blinds.’’* 
When the first complaints of bad-tasting drinking water ^ 
are received an inspector is sent to investigate* The fi 
inspector, who is taste-blind, reports that he can't see | 
what all the fuss is about and ascribes the complaints to t 
prejudice or “trouble-making." This does not make the 1 
water taste any better to those who had complained, and | 
gradually two opposed parties emerge, a pro-PTC and 1 
an anti-PTC. An election puts in the antis, who have a I 
70 per cent majority, and disinfection wdtli PTC is 
discontinued. - ‘ * J 

To the 30 per cent who. are pro-PTC (because they 1 
can't taste it) the whole procedure has been unreason- I 
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able in the extreme. Because o£ an obstinate majority 
they have been deprived of protection against infection. 
If they feel strongly enough about this they may at- 
tempt to subvert the rule of the majority. The majority 
then may be tempted to use police-state methods to 
suppress the rebellious minority. 

In this case the fact that the majority was right 
due to the biological accident that the hereditary factor 
for taste blindness is less common than its alternative. 
Although PTC is not used as a disinfectant, and the 
above events are not known to have happened, there 
is no doubt that many human conflicts arise because 
inborn differences are ascribed to prejudice and vice 
versa. ' ' 

Different or Superior? 

All peoples have recognized the diversity of human 
individuals. Most often they have taken it for granted 
that physical and mental differences are inborn, in- 
herited, and unalterable. The Old Testament abounds 
in parables of predestination. It seems that there were 
always men destined to be kings and others to be the 
everlasting meek. How much the ancient Hebrews be- 
lieved in the power of heredity must be plain to anyone 
who follows the biblical leaders and prophets to the 
places assigned to them by the ways in which they 
differed from their fellows. 

It is only a step from the individual differences to 
group differences, and most peoples, primitive and civ- 
ilized alike, are acutely conscious of their differences 
from other peoples. Just as the fear of competition with 
other individuals gives rise to pride and conceit, so too 
when we recognize how our family, tribe, or nation 
differs from others, then our fear and sense of insecurity 
give rise to group pride. It is because groups recognize 
and exalt the ways in which they differ from others that 
there have been in human history so many ‘‘chosen 
people/' each having, because of its native virtues, an 
inside track to the favor of the true God. 
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Hitler believed that the Aryan-Nordic-German race 
was the only one endowed with a multitude o£ excellent 
qualities and with no bad ones. But do not credit Hitler 
with having invented national self-glorification; since 
time immemorial people everywhere have indulged in 
this. Consider, for example, the following excerpts from 
the epistle addressed in 1793 by Emperor Ciiien Lung 
of China to King George III of Britain in response to 
the latter’s embassy proposing commercial relations be- 
tween the two countries: 

* You, O King, live beyond the confines of many 
seas; nevertheless, impelled by your humble desire to 
partake of the benefits of our civilization, you have 
dispatched a mission respectfully bearing your memo- 
rial, , . . If you assert that your reverence for Our 
Celestial Dynasty fills you with a desire to acquire our 
civilization, our ceremonies and code of laws differ so 
completely from your own that, even if your Envoy 
were able to acquire the rudiments of our civilization, 
you could not possibly transplant our manners and cus- 
toms to your alien soil. ... If I have commanded that 
the tribute offerings sent by you, O King, are to be 
accepted, this was solely in consideration for the spirit 
which prompted you to despatch them from afar. Our 
Dynasty’s majestic virtue has penetrated into every 
country under Heaven, and kings of all nations have 
offered their costly tribute by land and sea. As your 
Ambassador can see for himself, we possess all things. 1 
set no value on objects sti-ange or ingenious, and have 
no use for your country’s manufactures.’* 

^ Does this sound ridiculous? No more so than the 
similar chatter of many Britishers and Americans about 
the superiority ol "Anglo-Saxon civilization** over the 
"Unchanging East.** Much effort has been expended to 
prove the superiority of the so-called Nordic race of 
Northwestern Europe, generally of course by Nordics 
or those who thought they were Nordics; just as similar 
claims that the cream of the Nordic race is to be found 
in the "Old American stock'* are usually traceable to 
"Old Americans.**^'' ■ 
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This sort of conceit is not confined to powerful or 
aggressive nations. A beautiful work of an eminent 
Mexican modern painter has inscribed in it the words 
* ‘Through ?ny race will speak the Spirit/' The reader 
may never have heard about the nomadic tribes of 
Kirghiz living in the mountains and deserts of central 
Asia. But one of us heard a gray-bearded Kirghizian 
patriarch expounding the conviction that the “heart'' 
of the Kirghizian is superior to that of any other people: 
“And the heart is what really matters in men/' he said 
with an air of finality. 

The belief that the differences between men and races 
are inborn and unalterable is probably older and more 
widespread than the other view that human appearance 
and personality are formed entirely by the influences 
of the environment in which people live and by the 
training which they receive. Both extreme views are 
wrong, since it is known that many human traits, such 
as the character of our blood, whether we are taste- 
blind or not, the color of our eyes, and many other 
traits are inborn— they are determined very largely by 
heredity; while many others, including the diseases we 
get, the language we speak, the religion we profess, are 
determined not by heredity but by where we hap- 
pened to be born, by our environment. A moment’s 
thought will show us that between so-called “heredi- 
tary” and so-called “environmentar’ traits there is no 
hard and fast line. Both heredity and environment must 
of course be involved in the origin of every human 
characteristic. But our beliefs concerning which of these 
has a decisive influence on specific differences will de- 
termine our actions regarding them. 

De77iocracy and Racism 

Several solutions of the problem of human diversity 
have been advocated ever since the beginning of record- 
ed history. One of the basic tenets of Christianity is that 
all men are sons of God and equal before God. Physical, 
mental, and cultural differences among men must then 
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be considered superficial and relatively quite miiiiipor* 
taut. Hence, Christianity and other great religions have 
always taught (no matter what they practiced) that 
mankind is one great family in which brotherhoc3d 

should ultimately prevail. 

An application of the above teachings to practical 
life and politics is the democratic idea which has grown 
and developed during almost two thousand years in 
Europe and more recently in America. Democracy ac-* 
cepts- human diversity as a fact of experience, but never-^ ■ 
::|heless holds that, all men have the same inalienable ; 

■ rights. Demoa'a tic society should, then, be adapted : to 
'■the. variable natures of its members. It would create" . 
such political, social, and economic arrangements as 
would furnish to each member the opportunities to 
develop the best potentialities of his personality and 
of his creative energies to the fullest possible extent. In 
..■so -doing,- democracy w.oulcI take advantage of. h.uio,aii :.- 
.-diversity, -and in fact preserve the iinlikeiiesses. . ■: ■.: 

To' many' people ^ the religious and^ dem.ocratic 
tions ;. seem,., however, impractical . or unattractive. .: It is . . 
argued that all men are not born equal in ability or in 
capacity to develop the characteristics which are regarcb 
:-ed as ■useful or pleasing. Now, if some humans are well, ■ 
born'' and others are endowed more sparingly, then 
they are not equal in worth, and perhaps should not 
presume to claim equality in rights either. This is espe* 
cially true if human differences are fixed in biological ,. 
heredity, and consequently are inevitable and unalter- 
able. The fate of every individual is, according to this 
view, very largely fixed by the ‘‘‘Dice of Destiny" hidden 
in his hereditary equipment. 

The doctrine of inherent inequality of men has been 
developed by many thinkers, starting with Plato in 
ancient Greece. More recently there ivas the Comte cle 
Gobineau, a cultivated and intelligent French noble- 
man who some ninety years ago wrote a book called 
“Essay on the Inequality of Races." To Gobineau, the 
iiitellectiial and emotional differences 'between the great 
white Nordic race and the inferior whites, yellows, and 


Human Dilferences 

blax'ks ’ivere clearly innate; although certain of the Latin 
idiites— French, Spanish, and Italiaii—wliose blood had 
been polluted by mixing %vith unworthy ’“lorn'er races/* 
ivere bound to decay. This theory of innate differences 
by which groups of men could be classified Into su- 
perior and inferior races found ready support, particu- 
larly in Germany, where it was expounded among 
others by the "renegade Englishman/* Houston Cham- 
berlain, whose writings underlie the race myths of the 
Nazis. There was even a good scientist. Max Miilier, 
ivho on an unlucky day used the words "Aryan race** to 
describe peoples who spoke a certain group of languages. 
Miilier soon recognized his mistake, for differences in 
speech need not have anything to do with biological 
racial differences. But w-hile this mistake died early in 
science, it lived in politics, and thus there arose, truly 
out of talk alone, an imaginary creature, Aryan Man, 
which became one of the Nazi gods. 

It wasn't long before the Aryan and Nordic race 
theories found support in England and America. In 
this country we had such books as Madison Grant's 
"Passing of the Great Race,’* and Lothrop Stoddard*s 
"Rising Tide of Color” to w^arn us that the Melting Pot 
Is about to ruin beyond repair the American breed of 
Ilian. Scare propaganda of this sort became widespread 
and gained some influence on public opinion, especially 
in the decades preceding and following the First World 
War. It probably had political repercussions in the 
enactment of the immigration laws and in the tem- 
porary ascendance of isolationism in the U.S.A. A strong 
iiopular revulsion against racism set in, however, when 
came to power in Germany- and used the alleged: 
vuperiority of the Nordic race and similar notions to 
|iistify military aggression and' the extermination of 
iiiiiiions of innocent victims in concentration camps. 

Scientific Study of Human Diversity 

Until recently the religious and- political solutions of 
the problem of human diversity had not sought any 
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14 Heredity, Race and Society 

'‘scientific” foundation or vindication. Now, however, 
you hear people say “There ought to be a scientific 
solution,” or “Science ought to be able to tell us how 
to live in a world where these human differences keep 
stirring up conflicts.” And indeed, attempts have been 
'....made tO" examine scientifically the questions about, hii- 
naan differences. Unfortunately, many , of these., attempts ' 
■'.failed because scientists, like all other .men, .often sue- 
'cumb to the temptation to prove some particular, viewr 
or to reinforce some preconceived ideas about human,' 

' affairs. 

.Trancis Galton, a., versatile English scientist, who was 
a younger contemporary and a relative of Darwin, pro- 
pounded the view that most human differences are in- 
nate, due, in his words, to Nature 'rather than to Nur- 
. ture.'Galton was convinced that the English propertied 
and governing classes were a repository of virtually all 
that is biologically precious in the English nation and 
possibly in mankind. He wrote: “By natural ability , . . 

I mean a nature which, when left to itself, tvill, urged 
by an inherent stimulus, climb the path that leads to 
eminence, and has strength to reach the summit— one 
which, if hindered or thwarted, will fret and strive un- 
til the hindrance is overcome, and it is again free to 
follow its labor-loving instinct. It is almost a contradic- 
.- tion in . terms.', to ■ doubt such, men will generally become^ ,, 

' eminent. On. the other .hand, there is plenty of .evidence 
in this volume to show that few have won high reputa- 
: ;tions .without' possessing these peculiar .gifts. It follo.ws , 
■:.,.that' the men. who achieve eminence, and those, who , are . 

naturally capable, are, to a large extent, identical, i 
■: " have S'liown that social hindrances cannot impede men , 
.' .,:.o£ ...high ability from becoming eminent. I .sli.all now, ., 
maintain that social advantages are incompetent to 
give that status to a man of moderate ability.” 

How different from Galton's is the view of H. J. 
Muller, one of the leading modern biologists: “It could 
at least as well be maintained that the dominant classes 
tend to have the genetic equipment which would be 
least desirable in a well-ordered social system, since they 
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iiave been selected chiefly on the basis of predatory, 
rather than truly constructive behavior. The ‘respect- 
able' captain of industry, military leader or politician, 
and the successful gangster are psychologically not so 
far apart. The high-minded, the scrupulous, the ideal- 
istic, the generous and those who are too intelligent to 
wish to confine their interests to their personal monetary 
success, these are apt to be left behind in the present- 
..day battle." ,• 

. . .'Galtoii pointed out that it should be possible , to 
improve the human stock in the same %vay in which 
farm livestock has been improved, that is, breeding 
from the best. This would require some social control 
over human marriage and reproduction, and to the 
study of such ways of improving the human race Gal ton;..:, 
gave the name ‘‘Eugenics, " tvhich means being well 
born. As originally stated by Gaiton it was intended '“to 
give to the more suitable races or strains of blood a 
better chance of prevailing speedily over the less suit- 
' able than they otherwise w^ould have had.” As we have 
-seen, the socially eminent and financially successful are, 
in Galton's view, largely identical with the biologically 
“suitable.” From “the more suitable races” it is not a 
very far cry to the “great race” or the “master race.” In 
its emphasis on human inequalities and its assumption 
that they are fixed by birth,- eugenics -tended to deflect , 
attention from those individual and social conditions 
which could be remedied to those for which the only 
cure is to prevent their birth. It must be admitted that 
this is indeed a gentler doctrine than the extermina- 
tion recommended (and practiced) by the Nazis. Yet, 
it is an interesting fact that in the United States some 
of the most ardent eugenists were also adherents of the 
:.;;"myth. Qf Nordic and white superiority. 

The kind of solution proposed by Gobineau and his 
followers assumed that innate differences must give rise 
to fixed social, political, economic, and cultural in- 
equalities. The solution, by and large, was that all men 
should recognize and conform to a' natural hierarchy 
or order among races and persons 'extending from high 
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to low and good to bad. It is not surprising that writers 
with a desire to create such categories should liave been 
swayed by prejudice and self-interest. f 

In general, 'Solutions to such 'probleins, .as w.liat to„do 

■ about inborn differences among menxaii arise only out 
of the knowledge .and understanding .which it is the 

"function of science 'to provide. Powers over human life, 
'.'as'.'great as those required to put a eugenical piogram. 
into effect ■ can be entrusted only to a society in which 
' social and economic equality of individuals and groups 
■■'is guaranteed and protected in positive ways. The best 
'■ protection is the will and knowledge of the people , and 
it is a fundamental obligation of science to. acquaint 
them with the biological facts necessary for understand- 

■ 'ing human likenesses .and differences. That will be the 

■ aim of this little book. We shall try to state the facts of. 
Iieredity as simply as we can, s.O' that those with ,no 
previous acquaintance with the subject can understand ,■ 
its basic ideas and appraise, some of ^ the evidence upon 
which the ideas rest. In doing this it will be., M 
to explain what heredity is and how it operates w^heii ■.■ 
the likenesses and differences ' of the parents are 
tribiited amongst their children Jn accordance ; with,. ■ 
definite rules. These rules, known as MendeFs laws, de- , ■■ 
pend upon the . peculiar way in, which the sex cells, egg ., 
and sperm, of man, animals, and most plants are formed 
and combine' to produce the offspring; and the pertinent ■ 
facts of sexual reproduction will thus be stated at the' . 

.'..■■:■■' " OUtse.t,. ' ■ ■ ' ■ ■ 

We then ask the old question “Is it nature or .Eurture,.' ; 
heredity ' or ,environm.ent,, or is it some combination of , 
these that is responsible for human differences?^ ,:. Here ■ 
we have new evidence to consider from the fascinating 
studies of twins , which in recent years have thrown much 
new light on this question. There follows a,. si.mple de-, , 
scription of the actuaT’ method and mechanism by 
which individual hereditary differences are pansmitted, 3 
and this leads of course to a subject of major interest: 
how these individual differences behave in large groups 
such' as races. Here we have found it possible' to discuss 
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!ii a purely scientific way such “fighting questions*' as 
whether race differences are absolute or relative, and 
ivhat the prospects are for the disappearance or increase 
of racial differences. 

We may as well state at the outset that we are not 
seeking to persuade anyone of the virtues of any type, 
class, or breed of man, or of any special political or 
economic order of society. As biologists view human 
differences as facts wffiich call for understanding;,. and,, 
interpretation, not as qualities to be either condemneci 
or praised. In fact, in describing groitps ■ of men in , 
biological terms, we do not recognize categories defined ;' 

■ as, “good'' or “bad," “superior" or, “inferior.” These., 
general categories are statements of opinion; to have 
any meaning as facts- they would have to be-accompa-:,, 
.iiied- by specific statements such as - “Most .Negroes; are-v 
superior to most whites in their resistance to malaria,”;: 

- or “Most whites are superior to most .Negroes in their 
resistance to tuberculosis." Statements about the superi- 
ority of one group over another-. in,---.native intelligence ■ 
are usually made from the standpoint and for the pur- 
poses of one of the groups, under which .the -other must, 
always be at a disadvantage. 

; As naturalists w^e should sound .very silly if we were to 
say; “Wasps are superior to caterpillars in native inteiii- 
genee, because it's the w^asp that stingsand lay sits eggs - 
in the caterpillar and not the other w-ay round." State- 
ments about relative intelligence may be reached some 
day as conclusions, but at present they are not useful as 
explanations wfiiich lead to a better understanding of 

■ human "differences. We shall try to confine ourselves to 
. questions which can be verified in the same way whether 
.;:they are examined by black, white, or yellow, by Jew or 
Christian, Northerner or Southerner, Baptist or Cath- 
olic^ Democrat or Republican. 
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2. Nature and Nurture 


Why- are people different ' one . from another? Why.: 
aren’t we all alike? Me.o have been asking this question 
for hundreds of years, and: the answers : that have bee.O' 
given to it boil down to two. First, people are different' 
because food, climate, 'upbringing, education, : income, 
—in short, the physical and cultural '.surrouiidings— are 
not the same, for all.\ People differ because'; their 
vironmentS; 'differ. -. Second, ■ 'we come- . froin': 
parents, ■.different.lamilies, stocks and races of iiieii: our 
heredities differ. These^ t\ro great forces, environment 
and heredity, form our bodies, minds, and characters. 
Gallon long - ago.' .nailed' these forces nurture (the con- 
ditions of life) 'and'' nature (inborn, inherited). 

Much 'time' has been spent in argument about the 
relative im:portance of nature and , nurture. Probably 
.tens of .'thousands., of ■ hours have been used up by stu- 
dents, prep.aring for debates on: **Resolved, that Hered- 
ity is more important than ' Environmeiit.” Ai though 
it would be'' too harsh to say that these hours have 
been wasted, . nevertheless a little thought will: show 
.that .the question asked in that form, .has not .much 
meaning. 'We can not take away from any huiaian. being 
either his heredity or his environment. We come .into 
the world as a- bundle of possibilities bequeathed, "to us 
by our parents and other ' ancestors. Our nurture 'comes 

■ from the world about us. What happens- to,, the nurture 

■ that comes in - depends, . however, on the nature- that 
receives it. -Food is useless to us without digestive 
organs that convert it into the living substance which 
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is IIS, and ivorcls of wisdom are of no avail without 
a brain to heed and retain them. On the other hand, 
ifllieiited possibilities would never become actualities 
' without the means by wdiicli they may grow and de- 
velop. Nature and nurture are so obviously necessary 
and inseparable that the important question is not 
wiilcii is more important but rather how together they 
determine our qualities. 

Sexual Reproduction 

' Ail our heredity, our nature^ is transmitted ■' to us 
V, from our parents tlirougii tiny cells which connect 
liriiig substance xvith that of our forebears. Each human 
= being, takes ■ its origin from the union of twm of: these ■ 
. bits of living matter, an egg from the mother which 

■ ' .has been fertilized by a single sperm from the father. 

■ ■ The egg is a tiny sphere hardly ■ visible to the naked 

, . eye; it has .been estimated that twenty, million human 
:,^,..:€ggs woiiid weigh about one ounce. A: sperm' is visible., 
only with the aid .of .a microscope, and its volimie. . is 
: abo'iit. eighty-five thousand times smaller than that o'f’ 

■ an egg. .Furthermore, a sperm is quite .different from an 
egg in appearance, being shaped like a thread, iiifiated at 
one end to form. a. '"'head/* Some idea of the-.. sizes of 
these living .links between the generations has. been 
.; given by an eminent American biologist, H. J.- Muller,... 
- who has caicelated that if we could collect together all ■. 
the eggs from which the present human population of' 

^ ? . the earth has sprung— two billion two hundred millions 
yi ■ of, them— they would all occupy the volume of about 
?.. . and a:lialf quarts. The sperm cells— two billions of. them 
; —would occupy , the space of half an aspirin tablet ■ 

.V. : .We inherit our.' natures about equally from . both 
parents, that is, father and mother are equally impor- 
tant in the transmission of heredity. And yet, the male 
y" "' ".and the female sex cells are, as we^ have seen, extremely 
different in size and in appearance and structure as well. 
How can such different vehicles convey the same hered- 
itary traits? Already in the nineteenth century some 
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biologists saw that the only reasonable solution ol tliis 
paradox is to suppose that it is not the sex cell as a 
whole but some particular bit of it, alike in both sexes, 
which is chiefly concerned with heredity* Indeed, a 
careful study of the sex cells under strong mioroscopes 
showed that 'one part is similar in eggs and sperms. 
These similar parts are the nuclei of the sex cells, or, 
more precisely, the chromosomes in the nuclei. Each 
human egg and each sperm contains twenty-four chro- 
mosomes, which are tiny bits of a living substance 
wdiich can be stained wdth certain dyes. A theory was 
put forward at the turn of the century that heredity 
is transmitted through the chromosomes. This chromo- 
some theory of heredity has been fully confirmed by 
much further evidence discovered in the present 
century. 

The chromosomes occupy a considerable fraction of 
the volume of the sperm, but only a tiny fraction of the 
volume of the egg. The combined volumes of the 
chromosomes in the 2,200,000,000 sperms and in the 
equal number of egg cells from which the human beings 
now living have sprung would add up to less bulk than 
an aspirin tablet. And yet, this minute amount of sub- 
stance contained the heredity of the whole human, race! 

The life of a new individual is kindled when a sperm 
-lertiiizes,- an egg.Tertilization consists in fusion .of the 
nucleus of the sperm with that of an egg. The fertilized 
egg proceeds then to divide into two, four, eight, and 
finally billions of ceils wdiich compose the adult body. 
Each ceil receives, by division, a nucleus identical wdtii 
that of the fertilized egg. The heredity received from 
the parents is, thus, present in every cell of the child.. 

The developing body grow^^s very rapidly at first and 
then more slowly. An adult body weighs about fifty 
billion times as much as a fertilized egg. Where does 
the material for this stupendous increase come from? 
The answer is not far to seek: the material is taken in 
from the environment. At first it is the nutriment which , 
comes to the unborn child through the mother's blood, 
and then from the food wdiich wc ourselves coiisiniie. 
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Quite literally, the material which is **ourseIves'* is 
derived from the neighborhood grocery store. But food 
does not become a part of the living body except 
througli a complex process of digestion and assimila- 
tion. It is the heredity of the assimilating organism 
which transforms the nutriment taken from the outside 
into a likeness of that organism and. of its ancestors. 


Heredity and Environment 


By and large, the materials which enter our bodies 
are pretty iniicii the same for every human —* so much 
■ water, so much oxygen, so much mineral,- protein, car-:, 
i', boiiydrate and other foods. This is almost literally- 
true for unborn children which are nourished by the- 
motiier’s blood, since human blood has a very constant' 

, composition. And yet different, heredities- transform, this- 
: same material into difl'erent foimis, and different indi- 
.viduals result. Consider that t,he environment is imighly 
f?" the same for , brothers and sisters -reared --in- the same 
:house!iold. Nothing is more certain, however, than that 
brothers and sisters often, perhaps, generally, respond 
, in different ways to the same environment. A brother, 
gets the curly hair that a sister so ardently, desires. More-- 
over he has an allergy to . the cats on- which the ^ sister 
dotes. Eggs “do not agree’’ with her while he wants them- 
..twice a-day. .One hums mliodies from babyhood while: 
...the other is tone deaf and can not carry a .simple tune, 

. Negroes have been living in. the United States aImo,s£- 
. .as long as whites, yet whites and blacks have not,, in . the 
, , ' co,iiimoii environment, come to.resem'ble -each other in 
, 1 ^ . skin: color. We know that the lighter color of some- peo- 
, 4 ... pie classed as Negroes is due not to nurture or climate, 

^ but to. white ancestors. In Africa, similarly, white men' 
s , .retain- their .skill color after many generations of xesi- 
dence. Looked at superficially, it may seem that nature 
'i',: dominates nurture, liecaiise different natures transform 
S'-' a. similar nurture into different shapes, and different 
nuriures are transformed by . similar natures into 
roughly similar shapes. But a little consideration will 
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show that all that such a statement means is that if an 
environment is at all suitable for liiiiiian life, a baby 
either grorvs to be a man or does not live at all. What 
we really want to know is how different could iiidivid- 
uals with similar heredities become in different en- 
vironments, and how great are the differences which 
individuals with different heredities may be expected 
to display in the same environment. 

The skin colors in Negroes and whites differ doubt- 
:Iess- by nature. But ' observe the skin colors of enthu- 
siastic bathers on beaches in California or Florida, or 
for that matter near New York in late summer. Some 
are as dark as Negroes, or at least as mulattoes. Yet, 
some of these dark-skinned fellows become quite pale 
after spending a long winter in a city apartment. Such 
changes in the skin color are evidently due to environ- 
ment and not to heredity. The upshot is, however, that, 
strange as it may seem, a ‘‘black*' and a “white”, some- 
times have very nearly the same skin colors. The state- 
ment that Negroes and whites differ 'in skin color proveS' 
to be inaccurate, or at least incomplete. We really 
should say that they differ in the skin color in some 
environments but not in others. It would be even better 
to say that among people called “white”, there are some: 
individuals who do not develop much color in the skin 
I'egardless of exposure to sunlight, some who have little 
or no color without exposure but a strong coloration 
after a long exposure to sunlight, and finally some whose 
skins are more or less swarthy with' or without simligiit. 
Negroes have dark skins in all known enviroiiments. 


What Is Heredilyf 

When you hear it said of somelx’xiy that he has jn- 
hcTited a house and a bank account, you know that a 
certain building and certain, legal document,,, have-, 
been transferred from one person to another. This obvi- 
ously can not be the meaning of the statement that a 
man has inherited his eye color from his father and 
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Ills disposition from his mother. Biological heredity is 
transmitted through sex cells, which have no eyes in 
them and no definable disposition. It is not the eye 
color or other “traits’" that are inherited, but something 
ivithin the sex cells which determines how a living in- 
di\'iduai will react to various envnonments. In some 
families ciiildreii are born who in spite oC adequate feed- 
ing and care never grow to be tall. Members of other: 
faiiiliies grow tall and strong with little care. These , 
facts do not contradict the opinion of medical authori- 
ties that nutrition, exercise and health conditions in-- . 
Alienee the growth and physical development of ' chil- 
dren. We can say that stature is inherited; it is more- 
accurate to say that the stature depends upon heredity, ■ 
as w^eii as environment. Each heredity responds to each ' 
environment by producing a certain stature. 

Some people can not retain and utilize sugars which ■ 
they get in their food; instead, the sugars are expelled ; 

: in the', urine. These people are diabetics, -and this, dis-,: 
ease is hereditary. About two decades ago it .ivas dis- 
covered that injections of a drug. called insulin. relie've : 
.promptly the attacks of ' diabetes. The- injections do not .. 
..cii're the illness' itself, and the attacks recur unless . in- ' 
jectiotts are made at proper intervals. If given regular 
injections, a diabetic may lead a normal and happy., 
existence. A normal body prepares its own insulin; the 
heredity of a diabetic makes his body incapable of pre- 
paring insulin; but if insulin is supplied from outside, 
the acute d,isorder called diabetes fails to appear. You' 
■iiiay not suspect that your friend ' has a diabetic hered-' 
'ity If iie creates for himself an artificial environment-, 
■containing, insulin. 


Heredity Is Not Destiny 


Some people speak and write about heredity as 
though it were some implacable destiny the decisions 
of which can not be appealed. Such a hopeless and de- 
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featist view is not necessary if we realize that fieredity 
determines the responses of ilie person to the environ- 
inent and not the presence or absence of this or that 
trait as such. We can not change the heredity with 
which we were born, but in at least some cases we can 
choose an environment to which onr heredity will re- 
spond most fa^'orably. Those who like dark skin color 
take sun baths or apply the color out of a bottle. The 
diabetics use insulin. White ladies with straight hair 
have It “permanently” waved, and Negro ladies have 
theirs straightened. To be sure, no ointments, drugs, or 
other treatments are known for many heredities. They 
may be discovered in the future, even as the insulin 
treatment of diabetes has recently been discovered. 

This certainly does not solve the nature-nurture 
problem. Tiie fact remains that there are many different 
environments, many different heredities, and that peo- 
ple differ from one another in many tvays. We want to 
know to what extent the observed differences between 
men are due to the existing variety of environments 
and of heredities. We ought to be able to recognize as 
“environraentar* those diiferences which appear when 
persons of the same heredity are exposed to different 
environments. Unfortunately, it is not easy to find peo- 
ple of the same heredity. We know tliat even members of 
the same family, brothers and sisters, differ from each 
other in heredity. Even small hereditary differences be- 
tween people may make big diff’erences when the en- 
vironment is changed, especially in the mental reactions 
which are so important and interesting to us. For ex- 
ample, good eyesight may be a great advantage, and 
even a small defect in vision uncorrected by glasses may 
become a great handicap in studying. 

To get reliable infomiation on heredity and environ- 
ment we ought to be able to do with humans what 
experimental biologists have done with some plants. 
For example, dandelion plants have been divided into 
halves, one half' of, each .plant being transf^Ianted to a 
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iiioimtain top and the other left in the valley. The two 
halves of each plant have exactly similar heredities, and , ; 
they de%’eiop into new whole plants being reared under 
different conditions. The differences in size* form, num- 
ber of leaves, length of stem and roots which come to 
clistingiiisli these plants may thus be traced directly to f-!? 
specified environmental conditions. Such knowledge is 
very useful, and would be especially important for 
human beings. 

Twins 

In humans, obviously, it is not possible to make ex- 
periments of this kind deliberately, but luckily, such 
experiments happen once in a wdiile by accident. These 
accidents are called “identical twins.*' In one birth out 
of about each 87, more than one baby is born. In a great 
^ majority of these cases two babies are born, rarely there 
are three, that is triplets (about one in 7,400 births), 
and still more rarely there are four (about one in 
636,000 births). Quintuplets and sextupiets are ex- 
tremely rare but not so rare as is popularly believed, 
since some sixty cases of quintuplets are recorded and 
even six cases of sextupiets. 

Of the twins born, about one quarter are identical 
tw-ins, and it is easy to understand why these are so 
interesting and useful for answ^'ering questions about 
heredity and environment. Ordinary twins are merely 
a pair of babies who happen to be born at the same 
time. They come from two separate eggs and show the 
same hereditary differences as ordinary brothers and sis- 
ters. Identical twins on the other hand are like the two 
halves of the plant that was cut, for these twins arise 
when a single fertilized egg, by some accident, gets split 
into two parts early in development, and each part 
growls into a separate and complete individual. Since 
these individuals have the same heredity, any differences 
between them must be due to environment, to nurture. 
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1 Ills should help us to assess the part played by eEviron- 
lueiit in producing differences among humans. 

Identical twins had attracted the attention of laymen 
as well as of biologists before their manner of origin 
u’as known, just because they are so nearly identical in 
appearance. They are always 'of the same sex, same 
complexion, eye color, hair form and blood type, and 
are ^similar in height and. build. They tend to make 
similar records at school and to resemble each other 
mentally and spiritually as well. You may say, of course, 
tiuit these similarities are due to the similarity in their 
environments before and usually after birth; but you 
must remember that similarity of environments does not 
make ordinai'y twins, the "‘two-egg’' variety alike. Two- 
twins may be and often are quite unlike. In about 
half the cases they are of opposite sex. Regardless of 
sex, one may be blond, the other brunet; one tail, the 
other short, etc. These characters are hereditary, and 
environmental similarity does not extinguish differences ^ 
in them. We must, therefore, conclude that the similar- 
ity in appearance of identical twins is due to their 
identical heredity as well as to like environment. 

As ‘ one-egg" twins grow older some differences be- 
t\veeo. them begin to appear. One may gain weight a 
little faster than the other; one may come to learn a 
little more easily, develop a “shorter temper" or other- 
ivise depart from the other. Indeed, in some respects 
they may be slightly different at birth, one often being 
right-handed, the other left-handed. Some of these dil 
ferences, appearing before as well as after birth, can 
be traced to environment. Thus if one gets measles and 
the other escapes ( which rarely happens), the eyesight 
of one may be weakened and learning speed thereby 
lessened. We begin - to' see how particular differences 
betTween twins might be traceable to particular environ- 
mental factors; how, in other words, we could, by study- 
ing one-egg twins, estimate the relative influence of 
heredity and environment upon particular characters.*^' 

1 his is possible when one-egg twins are separated at 
birth and adopted by families living under different 
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conditions. Tills is the nearest approach possible in man 
to the ideal experiment in which a single individual is 
divided into two parts, each of which is transplanted 
to a different eiiviroiiiiient. 

One-egg twins reared apart have been studied fay 
several scientists, beginning with Galton in the ^ nine- 
teenth century, but it remained for the team of H. H. 
Newman (a biologist), F. N. Freeman (a psychologist) 
and K. J. Holzinger (a statistician) of the University of 
Chicago to make the most thoroughgoing study of such 
twins. After some fifteen years of work they found and 
studied twenty pairs of one-egg twins of which the mem- 
bers had been separated in infancy. For comparison 
they studied fifty pairs of one-egg twins which had been 
reared together and fifty pairs of two-egg (but same- 
sexed) twins reared together. From comparison of mem- 
bers of all of these twin pairs in physical and mental 
traits they sought to discover first, to what extent and 
in vrhat traits the members of one-egg pairs were more 
alike than the members of two-egg pairs, and second— 
to what extent and in what traits the differences in 
one-egg twins were increased when their environments 
were different. Similar studies have been made by a 
number of other investigators working in different coun- 
tries, including Soviet Russia. The results agree in all 
important respects. 


Physical T rails in Tivins 

Newman, Freeman, and Holzinger made careful meas- 
urements and observations on a variety of physical 
characters (height, weight, head shape, fingerprints, 
etc.) in their twins. They also submitted them to a series 
of psychological tests designed to measure their intelli- 
gence, personality, and achievement. A part of their 
results is summarized in the following table, which gives 
tlie average differences between the twins of a pair in 
various traits: 


28 


AVERAGE DIFFERENCES BETWEEN MEI^IBERS OF TWIN-PAIRS 


Standing heisiit 


Weight 


.Head length 
(in millhneters) 
Head width- 


Intelligence Quotient 


Stanford Achievement 


One-Egg 

Twins. 

Reared 

Together 

One-Egg 

Twins 

Reared 

■Apart-; 

Two-Egg 

TwIiiJ^ 

Reared 

Together 

1.6 

1.8 

4.4 

4 - 0 " 

9-9 

10.0 

2.6 

2.2 

6.2 

2*2 

2.8 

4.2 

5-3 

8.2 

9-9 

6.4 

16.3 

11.6 


It can be seen that the one-egg twins are, regardless 
of whether they were reared together or apart, more 
nearly similar in body height than are the two-egg 
twins. The average difference in height amounts to 1.6 
cm. in the one-egg twins reared together, and to 1.8 cm. 
tvhen the twins are reared apart. The two-egg twins, 
althoiigii reared togethei', differed appreciably more— 
4.4 cm. The same is true for the length and width 
of the head, the number of finger ridges, and some other 
traits. In fact, the average difference in head length 
happens to be even slightly less in the one-egg twins 
reared apart than in those reared together. But notice 
that the one-egg twins reared apart differed in weight 
about as much as the two-egg twins, and much more 
than the one-egg twins reared together. 

What do these observations mean? Remember that 
the one-egg twdns have similar heredities, regardless of 
whether they are reared together or apart. Two-egg 
twins differ in heredity as much as do brothers and 
sisters born at different times. Therefore, the greater 
differences found between two-egg as compared with" 
one-egg twins can be safely ascribed to heredity. On the 
other hand, when the twins reared apart differ on the 
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average more than do twins reared together* it is the 
eiiviromiieiit wliidi is responsible. We can see that dif- 
ferent traits are influenced to different extents by hered- 
ity and by environment. In physical features, such as 
eye and hair color, head shape, or height, one-egg twins 
remained extremely similar even when separated at 
birth and brought up in different enviromiients. But 
one-egg twins may become rather different in weight. 
Environment can modify the weight of a person rela- 
tively more easily than it can modify his height or his 
head shape. But it does not follow that heredity has 
nothing to do with one’s weight. Surely, you know per- 
sons who find it difficult to ‘‘keep their weight down** 
despite keeping themselves on '^reducing” diets, and 
other persons who can not gain much weight even on 
‘flattening” foods. 

Retention of great similarities amongst separated one- 
egg twins produced some dramatic situations. A girl of 
sixteen named Edith was accosted by a young man: 
“Hello, Fay, how do you happen to be so far from 
home?” Suspecting an attempt at flirtation, Edith re- 
pulsed the young man. But he was a persistent young 
man who trusted his memory for faces, so in another 
city he found the real Fay and arranged for her to go 
and see Edith. Edith met her and was, as she saii 
“shocked to see myself getting off the train.” These 
girls proved to be one-egg twins separated at birth and 
adopted by different families. 


Mefiial Traits and Achievement in Twins 

There is also the story of identical twin brothers, 
both of whom became, during World War II, generals 
in the US. Air Force, although they had not served in 
the same military units and had made their careers in- 
dependently. Can one conclude from this instance that 
It was the hereditary endo-wment of these men which 
was responsible for their similar achievements in the 
same held of activity? Such a conclusion is quite un- 
warranted. It is possible that the twin brother of some 



Newman, Freeman, and Holzmger comparea uic 
mental abilities of twins by means of various “intelli- 
gence tests/* On one of these I,Q. tests (Binets) the 
■average' difference between one-egg, twins reared .to- 
gether amounted to 5-.^ “points// but when they ^ were 
reared apart the difference increased to 8.s “points. 
Two-egg iwuns reared together showed an average dii- 
ierence of 9.9 “points/* It follows that mental ability 
though undoubtedly influenced by heredity, is less fixed 
and more liable to modification by environment than 
most physical traits. In different achievement tests, sup- 
posedly measuring educational perforiiiance, the role o 
environment proved to be gi'eater still. The Stanford 
achievement test showed the average difference between 
one-egg twins reared apart to be even greater than that 
between two-egg twins reared together. In spelling, the 
one-egg twins were more alike than the two-egg ones, 
ivhiie in arithmetic environment was much more im- 
portant. In tests of motor ability and emotional balance, 
environment assumed the major role, more than half 
of the difl-erences between twins being due to experi- 
ence, training, and other environmental factors and less 
Uian half to heredity. 


It must also be pointed out that the environments of 
the separated twins studied by Newman, Freeman and 
Holzinger were not very different. The twins ^ were 
reared in the same country and generally in a siiiiilai 
class of society and exposed to the same educational 
system. We do not know how different the twins might 
have been if one of them were to grow up, say, in a city 
slum and the other in surroundings of comfort and 
refniernent; or else, if one were to grow up in an 
American town and the other in a tribe of Asiatic 
nomads. In fact, where the differences in living condi- 
tions were most marked, real differences in personality, 
ill scores on mental tests, and in educational achieve- 
ment did develop among the twins actually examined, 
while their physical traits remained closely alike. 
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Studies of other investigators have shown that such 
important: behavior traits as criminality are to some 
extent influenced by heredity. For example, prisons were 
combed for members of twin pairs. Where the twins 
were of the one-egg type, then in many cases the other 
twin w^as found to be also in prison or had a criminal 
record. Where the pair was of the two-egg type the 
majority of the co-twins had not been convicted of any 
crime. This led one of the investigators, Johannes 
l.ange, to entitle his report '‘Crime and Destiny.'' If this 
implies that criminal behavior is irrevocably determined 
by heredity, the conclusion is a fallacy. The facts justify 
at most the conclusion that, given a certain environ- 
ment, persons of some hereditary constitutions are more 
likely than others to fall into anti-social behavior. 


Foster Children 

The dependence of mental traits on both heredity 
and environment can also be demonstrated by studies 
on foster children. When children are distributed to 
foster homes, it is unavoidable that some of them w'iil 
be placed in more and others in less favorable environ- 
ments. One can, then, compare the intelligence and 
other traits in children who grow up in different en- 
vironments. Such comparisons are especially interesting 
if, as often happens, the families which take foster chil- 
dren also have children of their own. Suppose, for the 
sake of argument, that the intelligence of a growing 
child is determined solely by his environment. The intel- 
ligence of foster children should then be proportional to 
that of “own" children of the adopting families. If, on 
the contrary, intelligence were due to heredity alone, 
there would be no consistent relationship between the 
intelligence test scores of foster and of own children. 
The actual situation is intei'mediate between these ex- 
tremes. Foster children show higher I.Q.'s in homes in 
which own children have higher I.Q.'s, and vice versa. 
This attests to the importance of the environment. But 
this is not the whole story. In the most favorable foster 
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homes foster children average lower in performance 
tiian do own children; in the less favored families foster 
children show* on the contrary, an average performance ^ 
superior to own children. This sliotvs the presence of a 
hereditary component in the development of the quali- 
ties which the I.Q. tests measure. 

To sum up, the result of studies on twins and on 
fOvSter children has not been to prove that “heredity is 
more important than environment” as is often claimed. 
Rather, these studies show that there is not just one 
question about heredity and environment, but many. 

We have to ask this question separately about each 
physical and mental trait. This is a field of study which 
in the future should teach us much. Perhaps it will help 
to summarize the current views about the Nature-Nur- 
ture problem to employ an allegory, which howe%^er 
nmst not be pushed too far or taken too literally. In the 
formation of each human trait there is a kind of lock- 
and-key arrangement between the inborn Nature and ^ 
tlie surrounding Nurture. Nature provides a great vari- 
ety of locks, and Nurture many different keys. Each 
trait has its own class of locks and will respond to a 
limited number of keys. Some locks do not at present 
respond to any keys provided by the existing variety 
of environments. Thus, some mental defectives do not 
benefit by any kind of advanced education; but only 
a few years ago diabetics also did not respond to any 
of the treatments which had been tried. It took a newly 
invented key, insulin, to fit that peculiar lock. The lock 
by which “criminal behavior” is regulated is in some 
persons so set that it does not easily yield to the ordinary 
keys presented by poverty, defective education, and 
other bad surroundings. But in other persons the “crim- 
inal behavior” locks open with any one of these keys. 
Knowing that heredity determines only responses to 
environments but not the presence or absence of a given 
trait as such, we do not despair when we discover that 
child has inherited a tendency to asthma or hay fever. 
Tistead, %ve try to find out to which particular substance 
in the environment he is sensitive and then to create an 
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environment in which that substance is rare or absent. 

It is true that for many heredities no environments 
have been found as yet which will change the response 
appreciably. The heredity which determines our eye 
color, blood group type, or fingerprint type seems to 
produce the same traits in all known environments. The 
skin color, stature and weight are quite certainly hered- 
itary, but they are also sensitive to environment. Psychic 
characters, such as criminality, are so sensitive to en- 
vironment that the very fact that heredity has anything 
at all to do with them was long in dispute. In which 
class a given trait belongs depends, however, on how 
much we know about the trait in question, as the 
example of diabetes and insulin shows. 

On the whole, modern biology has strengthened the 
hands of those who try to improve the minds and bodies 
of men by improving the conditions in which they live. 
The normal mental and emotional ‘‘Natures'^ are very 
responsive to “Nurtures’" of education and social influ- 
ences. The “personality"’ is influenced by education, 
training, opportunities, cultural contacts and similar 
factors. It is acquired by us through our experience. 


Biological and Cultural Determinants of Human 
Personality 

Our intellect, our emotions, and our behavior are so 
obviously influenced by education and by living condi- 
tions that some writers have doubted or even denied 
outright that biological heredity has any influence what- 
ever on the development of human personality. To 
many people the existence of inheritable differences 
in psychic traits seems incompatible -with democratic 
ideals. It is true that those who wish to withhold certain 
rights and opportunities from some groups of their 
fellow men have very often sought to justify their atti- 
,tudes by an alleged biological inferiority of those whom 
they would like to. see kept in a slate of submission. But 
we should remember that the democratic assertion of 
the equality of rights is important precisely because it 
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helps diverse personalities to live together and to par- 
ticipate ill a common civilization. Anyway, the problem 
of the i-ole of heredity in the formation of human per- 
sonality should be solved in accordance with ascertain- 
able facts and regardless of our likes and dislikes. 

There is no doubt that certain abnormal conditions 
of the mind and the nervous system represent the re- 
action of abnormal heredity. Some of the mental dis- 
eases tend to ‘‘run in families/' and some forms of idiocy 
depend on a specific inheritance. Imbeciles of one par- 
ticular type have a gross disturbance of one of the 
normal physiological functions of the body, namely the 
breaking down of a chemical substance known as 
phenyl-pyruvic acid. This substance is present in normal 
people also, but a normal body uses it up, while such 
imbeciles excrete it in the urine. This form of mental 
defect is hereditary, and the lack of development of 
mind is somehow related to the abnormal physiological 
reaction just mentioned. Of course, it must not be sup- 
posed that all abnormal mental states are clue to ab- 
normal heredity. Many minds get into twilight because 
of alcoholism, age, infectious diseases, inj uries, or other 
environmental bad luck. We do not know yet whether 
particular kinds of minds are more resistant to bad luck 
than others, but in view of what we know of physical 
characteristics it would not surprise us if this -were so. 

It is also certain that human behavior and states of 
mind are greatly influenced by physical characters which 
are clearly hereditary. In the victims of haemophilia or 
bleeder's disease the blood fails to clot at wounds, and 
persons with haemophilia may, and often do, bleed to 
death after a slight scratch. Haemophilia is hereditary; 
in fact, it was one of the first diseases to have its exact 
method of heredity worked out. One would certainly 
class haemophilia as a “physical" character; but con- 
sider for a moment the behavior of a boy who has 
haemophilia and knows it. He cannot take part in the 
usual sports and games for fear of a slight injury that 
might bring on an attack of bleeding. He may be timid, 
diffident, and shy where his brother is confident and 
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aggressive. In consequence of this he may be uncertain 
in his action and his whole personality may be set by 
his disease. 

Not only diseases but “normal” physical traits as well 
influence personality and behavior. Compare a tall and 
well built youth with facial features which conform to 
the prevalent notions of beauty with, say, an excessively 
fat lad with unattractive facial features. Other things 
being equal, the former is more likely to be popular 
with his companions of either sex than the latter. Now, 
tfie importance of such things as “popularity” in the 
formation of one’s manners, habits, and even one’s 
^vorld outlook is considerable. On the other hand, he- 
redity is doubtless an important factor in the determi- 
nation of the body build and the facial features (which 
is not to deny the importance of the environment in the 
development of these traits as well!). 

A Negro or even a “white” person with an unusually 
swarthy skin will probably be quite self-conscious in 
the company of whites if he knows or suspects that the 
latter are imbued with the “white superiority” preju- 
dice. This behavior is directly related to the physical 
trait, namely, the skin color. The fact that in a different 
environment, in a society having different traditions 
and customs, this behavior would not appear does not 
make it any less hereditary in the biological sense. You 
must beware not to fall into the crude mistake of sup- 
posing that a trait which is modified by the environment 
is not hereditary, and that a hereditary trait can not 
be modified by the environment. Heredity determines 
reactions and responses in and to particular environ- 
ments. Now, human personality always functions within 
the framework of a certain social and cultural setting, 
and it can not be understood apart from this framework. 
This simple truth was discovered and expressed more 
than two thousand years ago by Aristotle in his famous 
dictum “Man is a political animal.” You can not under- 
stand man without taking both his political (social) 
and his animal natures into account. 






Cultural Inheritance 


Animals and plants have only biological heredity, but ^ 
man has created a highly important set of influences 
which can be called his cultural or social inheritance. 

By cultural inheritance is meant first of ail our lm> 
guage, which is the framework in which w’e are forced 
to fit our communication with other humans and even 
our own intimate thoughts. Furthennore, here belong 
the patterns of behavior, of reasoning, and of feelings 
which we are taught from infancy on, and which we 
take so completely for granted that we notice the very 
existence of tiiese patterns only when we come into 
contact with people who have inherited different pat- 
terns. For example, nudism is shocking to many of us, 
but to other people the wearing of clothes seems a per- 
versity. Some people eat insects but feel nauseated at 
the very thought of eating pork. Finally, we have in- 
herited from our ancestors a great body of scientific and ^ 
technical knowledge, treasuries of literature, poetry and 
music, and a system of religion and ethics. Not even 
completely illiterate people can escape being profoundly 
influenced by this inheritance. This inheritance con- 
stantly, though slowly, changes, grows or deteriorates, 
develops or breaks up. These changes are compounded 
of important acquisitions contributed by eminent in- 
dividuals, as well as of collective acquisitions of the 
masses. 

Cultural inheritance, in contrast to biological hered- 
ity, is not transmitted through chromosomes and sex 
cells. We learn to speak the language or languages 
which are spoken by those around us, regardless o£ 
whether they are our parents or biologically unrelated 
persons. Then we begin to learn from bookss, often writ- 
ten by persons whom we never saw or who died long 
before we were born. The transmission of cultural he- 
redity is so efficient that peoples are able freely to ac- 
_ quire any one of the variety of cultures which exist in 
the world. Instances are numerous where children of 
European ancestry were adopted into Chinese or Japa- 
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siese homes and grew up to be culturally Chinese or 
Japanese even though they preserved their 
physical traits. Americans have special opportunities to 
observe that American-born children of some of the 
immigrants from foreign countries develop mentally 
like other American children, and sometimes come to 
resemble in outlook and behavior native Americans 
more than their own parents. These children have not 
inherited the traits produced in their parents and more 
remote ancestors by exposure for centuries to certain 
non-American cultural or material influences. 

It is important to remember that such cultural ac- 
quisitions even when acting over long periods of time do 
not become biologically inherited. This question is part 
of a larger one, the so-called ‘'inheritance of acquired 
characters/' which is discussed later in this book. At 
this juncture we need only point out that no good 
experimental evidence exists that this is the source of 
the changes which occur in the hereditary constitutioti. 
The evident hereditary variety in all animal and plant 
species arose in other w^ays, as described in Chapter 
We can take it that “acquired characters" are not 
inherited. 

Making new discoveries in science is an exciting busi- 
ness, so exciting in fact that scientists have often stic- 
cunibed to the temptation to make their discoveries 
explain everything, instead of only some things. Certain 
biologists have contended that human personalities and 
even cultures are to all intents and purposes determined 
by biological heredity, environment being of little con- 
sequence. Certain cultural anthropologists, whose busi- 
ness it is to study and compare different cultures, an- 
swered by claiming that man is entirely a creature of his 
culture, and that his biological heredity stops at the 
surface of his skin. Thus we have heard in recent years 
that the Japanese character is set by the early and severe 
toilet training of Japanese babies; while Russians are 
what they are because of the swaddling of infants which 
was practiced in Russia (and, incidentally, in many 
other European countries). All. that needs to be said 
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about such theories is that they fail to take into account 
this well-established fact: man's personality, as well as 
liis physical traits, results from a process of development 
ill which both heredity and environment play impor- 
tant parts* 

Conclusions 

Undoubtedly, to begin life with a nornial, healthy 
mind, a good set of sense organs, and a sound nervous 
system is to have the stage set for good mental achieve- 
ment The direction, the intensity, and the particular 
type of achievement will often depend upon luck, 
teachers, books, examples for emulation, and the like, 
encountered when one is young. Everything we have 
learned about heredity leads us to think of it not as a 
blind, absolute, and inexorable force, but rather as the 
setting, the particular form of responsiveness with which 
we meet life. It is true we cannot change our heredity, 
nor for that matter can we change the essential opera- 
tions of the chemical and physical world in which w’^e 
live. Yet the determinate character of the physical world 
proved, when we started to learn about it, to provide 
opportunities for an enormous scientific and technical 
development by which we actually control some parts 
of our environment. So, too, when we learn to know the 
potentialities of our inherited constitutions and how to 
place them in proper relation to a controlled environ- 
ment, human differences may come to be viewed in a 
new light. 
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f‘ less than that of a grand slam at bridge. But different 
grandchildren (who are brothers or sisters among them- 
selves) will be likely to inherit somewhat different sets 
■ of genes from each of their .grandparents* Each of the 
great-grandparents contributes on the average of the 
genes of each of the great-grandchildren. Here again 
variations will occur. A great-grandparent may con- 
tribute either more (up to or less than (down to 
none). What proportion of the genes of a gx'andparent 
or a remoter ancestor will survive in his descendants 
will depend entirely on chance and in no way on the 
ancestor's bodily strength or weakness, virtues or sins. 

According to the refuted ‘‘blood’' theory of heredity, 
we inherit 1/2 of our hereditary endowment from each 
parent, i/^ from each grandparent, i/^ from each great- 
grandparent, etc. This idea has taken such firm root, 
not only in the popular imagination but even in biolo- 
gy, that even now one still hears and reads of a person 
^ having 24, Ys, or some other fraction of “blood” of 
^ some particular race or individual. The most cherished 
pride of many people is the supposed fact that some 
fraction of their “blood” is derived from a noble an- 
cestor, or from a passenger on the Mayflower, or from 
a real or a trumped-up great man or woman. We can 
see how preposterous such claims are. To be sure, an 
individual receives on the average Yi genes from 

each grandparent, Ys each great-grandparent, etc. 
But this is only a statistical average, and in reality one 
may have either more or fewer, down to no genes at 
all, especially from the more remote ancestors. More 
important still, all the qualities of our ancestors were 
not necessarily due to their genes. And even if they 
were, then the important thing may have been a par- 
i ticularly lucky combination of genes. Such a combina- 
tion is quite unlikely to remain intact in the heredity 
even for one generation, let alone for many, because the 
, . mechanism of heredity is to produce recombinations of 
the different genes which are so numerous that they are 
I unlikely to repeat. Even some serious writers have failed 
' to understand this and have deluded themselves into 
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believing that thev have “explained” the greatness of 
a great man bv finding that some priceless biological ^ 
strain” has “persisted” in his “blood” by transmission - 

from some particular ancestor. 

After hearing of Mendel’s proof that the heredity we 
receive from our parents consists not of blood but of 
distinct living entities, the genes, which pass through 
egg and sperm into the new individuai, and that many 
of the separate genes are entirely independent of eaci 
orlier in inheritance, people are sometimes 
say: ‘'Am I then just a mosaic of several thousand char- 
acters each due to a different gene? If so, I should be m 
danger of falling apart into separate structures and 
functions as I apparently fall apart in heredity. Tins 
seems a verv sensible comment, if we have only the facts 
of Mendel’s two laws before us. The fact which answers 
the objection is that single genes are not solely respon- 
sible for single characters or body parts. Anyone who 
realized the complexity of any part of the body and its-^ 
continual dependence on other parts could not think of 
any part such as an eye as due to one thing or event. 
One gene may make the difference between brown eye 
color and blue, but obviously there had to be an eye, 
with its retina and iris, its nerve and blood supply, its 
pigment and other materials, before eye color could be 
expressed at ail. The thousands of genes which consti- 
tute a human being interact with each other in such 
ways that each gene affects many parts and processes 
although one of these effects may be more apparent 
or showy than the others as in the case of eye color. 

NegTo4Vhlte Intermarriage 

A clear example of the dependence of what seem to 
be simple attributes or characters on many genes is to be 
seen wherever colored and white races have inter- 
married, Skin color in the offspring of marriages be^ 
tween Negroes and whites is of an intermediate shadeT** 
The mulatto is neither black nor white. Considering 
^kin color only,, the- children of marriages between 
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mulattoes are very variable from light through inter- 
mediate shades to black. Attempts to analyze the in- 
i heritance of skin color in Mendelian terms have not 
been very successful because “white” and “Negro” each 
include a number of different skin colors, and many 
other factors such as tanning and bleaching also affect 
skin color. But there is little doubt that at least two 
and probably several gene differences are concerned. 
In certain matings of mulattoes, about Vie of the chil- 
dren are white or close to it, as though two independent 
recessive factors had come together. In other matings 
the proportion of xvhites is lower and the number of 
gene differences probably higher. 

The number of gene differences between the races 
entering the cross is important because it determines 
how often individuals resembling the parent races wdll 
appear in the second and later generations after a cross. 
We have seen that, if Negroes and whites differ in only 
two genes for skin color, only one child in sixteen will 
have a black skin, and one in sixteen will have a white 
skin, in the offspring of mulatto marriages. With three 
genes showing no dominance, the chance of a white- 
skinned child would drop to one in sixty-four, with 
four genes to one in 256, with n genes to one in 4^ In 
marriages of mulattoes with whites, the chances of birth 
of a child with a white skin are much higher: 1 in 4 
with two genes, 1 in 8 with three, 1 in 2*^ with n genes. 

One of the greatest absurdities of the so-called race 
problem in the United States is that anyone who ad- 
mits having some African ancestry is classed as a Negro 
regardless of his or her appearance, A “Negro” is then, 
a member of a social and economic group rather than 
of a purely biological one. Some of the children born 
to such “Negroes” are indistinguishable from, and 
“pass” among, the whites in order to avoid anti-Negro 
discrimination. To estimate how frequently “passing” 
children will be born to parents of mixed European- 
^African ancestry, we must take into account several 
characters. Most of the natives of Europe differ from a 
majority of the inhabitants of tropical Africa in skin 
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genes wliidi an individual carries. It stands to reason 
then that an individual mdtii a white skin can not pos- 
sibly harbor these genes in a latent condition, regardless 
of whether or not Jie lias some remote Negro ancestry* 
Of course, this works both ways: an individual with a 
black skin can not carry latent genes for white skin 
(excepting albinism), and, therefore, a white child can 
not be born to Kegro parents. The occurrence of white 
and Negro cliiidreii in mulatto families in no way con- 
tradicts this. 


Sujmnmy 

Jn this chapter w'e have tried to let the reader look 
behind the external features of animals, plants and men 
and get a glimpse of the exact mechanism which gov- 
erns heredity. Heredity consists not of blood but of 
genes which come in packages just as discrete and real 
as atoms or molecules. We receive them from our par- 
ents and pass them on to our children according to the 
simple regular laws wdiich Mendel discovered. The ex- 
istence of many kinds of genes and the operation of the 
laws by which they are dealt out to the children account 
for the almost infinite variety of persons in the world. 
But the importance of genes is not limited to explaining 
differences between individuals. Groups of persons look 
alike because they have some of their genes in common. 
Groups which differ biologically tend to differ in some 
of their genes. Most genes stand for useful qualities of 
good physique, good health and a good mind; but some 
stand for bad qualities and diseases. 

The variety “^vliich is characteristic of all human 
groups is due to gene mutation and to recombination, 
as these processes have occurred in the long history of 
human evolution, and as they are occurring today. T’he 
outcome of such processes is discussed in the next 
chapter. 
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Rome is a symbolic representation not only of a remote 
past but of present and future events as weli A better 
world and better men may yet emerge. 

Natural Selection 

Darwin supposed tliat evolution is a consequence of 
the process by which organisms become adapted to dif- 
ferent environments. This adaptation is brought about 
by a mechanism which he called natural selection. Every 
species of animals and plants contains some individuals 
which, by their heredity, are better fitted than their 
fellows to survive and to leave a large progeny. Some 
tigers are more expert than others at catching prey, 
and some prey are more expert than others at escaping 
from tigers. The tigers that catch more prey, and the 
prey that escape most often, will live longer and have 
more offspring than those which go hungry or get eaten 
up. As time goes on, tigers will become more and more 
expert catchers and their prey more and more expert 
escapers. The survival and reproduction of the relative- 
ly better adapted individuals, will, if their differences 
be due to their heredity, bring about progressively 
greater fitness of each species to its particular way of 
life. 

The changes which this theory has undergone in the 
nearly one hundred years since its publication cannot 
be discussed here. It is enough to repeat the general 
verdict of modern biologists that the theory was all 
right as far as it went. Experimental studies of heredity 
since 1900 have caused some very important additions 
and alterations to be made. The most important is the 
recognition that heredity is transmitted not through 
some continuous substance like blood but through dis- 
crete entities, the genes. The processes of gene segrega- 
tion and recombination, which are inevitable accom- 
paniments of sexual reproduction, continually generate 
an Immense variety of hereditary constitutions. These 
different heredities are then tested by natural selection, 
and those which fit their possessors for hfe in a par- 
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ticiilar environment are perpetuated in the descend- 
ants and eventually become established as the ''normal'’" 
condition of that race or species. The less lit combina- 
tions of genes gradually disappear through failure to be 
perpetuated at the same rate as the more lit. The supply 
of new variants is kept up by the process of mutation, 
which, as is set forth below, occasionally changes old 
genes into new ones. The number of new combinations 
of genes which thereby become possible is practically 
unlimited, and there is accordingly no limit to evolu- 
tionary achievement. 


^'Social Darwinism*' 


In science, as in other fields of human thought, prog- 
ress is often uneven or discontinuous. Brilliant achieve- 
ments may be followed by wrong moves into blind 
alleys. After Darwin, while biologists were so preoccu- 
pied w-ith studies on evolution that they did not look 
iar beyond the immediate confines of their science, 
there grew up a strange mixture of oversimplified biol- 
ogy and political notions which is sometimes referred 
to as "social Dar-winism." To many people this mixture 
is Darwinism; hence the groundless accusations that 
Darwin invented a theory of hatred and inhumanity. 

Some of Darwin’s foliow^ers took upon themselves the 
popularization and propaganda for the theory of evo- 
lution not only among biologists but also among lay- 
men. Quite inadvertently they made some subtle 
changes in emphasis w^hich had unforeseen repercus- 
sions. Thus, Herbert Spencer coined the expression "sur- 
vival of the fittest" to describe the essential principle of 
Darwin’s theory w^hich would be expressed better with- 
out the superlative. Yet, this expression caught the 
imagination of biologists and non-biologists alike. There 
is something thrilling as well as forbidding in the image 
of ‘ nature red in tooth and claw"" commanding all its 
creatures to w’age everlasting war of everybody against ' 
everybody else according to the motto "eat or be eaten." 
And this bloody mess was supposed to result not in 
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universal debacle, but, miraculously, in. ‘‘progress’' it- 
self! As one modern author puts it, “it was a cheerful 
thought that no good thing %vas ever lost and no lost 
thing was any longer any good/’ 

Applications to human problems of the real as well 
as of the misconstrued Darwinism were bound to coxne* 
Francis Gabon, the founder of the eugenics movement, 
was a relative and a follow’-er of Darwin. Many authors 
further removed from scientific biology than Gallon 
reasoned simply that if strife and bloodshed engender 
improvements in nature they would do so in human 
society as well. This seemed to be nothing else but ap- 
plication to man of inexorable “laws of nature.” So, the 
Superman created by the German philosopher Nietzsche 
became promptly identified with the surviving fittest. 
Since the nineteenth and the early twentieth centuries 
were the period when powerful nations were building 
their colonial empires, it was comforting to think that 
when savages armed with a sling or with bow and arrow 
were killed or enslaved by cannon and machine gun we 
were simply witnessing biologically inferior stocks being 
replaced by biologically superior ones. The same “law 
of nature” works to justify ^vars betw-een the “superior” 
nations. Hitler tvas by no means original w^hen he said 
“mankind has grown in eternal wars, it will decay in 
eternal peace.” To be sure, the physically more fit indi- 
viduals are the ones most likely to be killed off in 
modern warfare, but this can be compensated by sys- 
tematic atrocities against the civilians! 

The idea that the stronger is biologically and “scien- 
tifically” justified in destroying the weaker has as much 
application to the struggles within as between nations. 
One simply says that the existing pyramid of wealth 
and power is the outcome of valuable heredity concen- 
trating at the top and the biologically inferior classes 
settling further and further down. The more liberal 
trend among the “social Darwinists” admits that enough 
good genes are left in the “louver classes” to give rise to 
occasional valuable individuals who should be permit- 
ted to climb the social ladder. The conservatives are 
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saiisfied that the existing inequalities place everybody 
where he biologically belongs. Both the liberals and the 
conservatives are sure that abrogation of social inequal- 
ities would result in biological disaster, and view with 
alarm the biologically subversive trends toward such 
things as progressive taxation, free education, social 
security, and other “coddling'' of the supposed carriers 
of inferior genes. Only few go to the length of urging 
that charity be tvithheid from the poor and medical help 
from those afflicted xvith hereditary diseases. But many 
argue that these things are permissible only if supple- 
mented by measures, such as sterilization, which would 
remedy the biological harm done by our refusal to fol- 
low the laxv of the jungle. 

To some people humanitarian ideas are so dear that 
they are prepared to argue that the weak should be 
helped rather than exterminated, even if posterity were 
to be biologically harmed by such a course. To do other- 
wise would be ruinous to those noxv living and to pos- 
terity as well. However, before xve admit the existence 
of any such dilemma, xve ought to make sure that there 
actually is a law of nature xvhich demands strife as the 
price of biological survival. 

Wlio Is (he Fittest? 

Not even among the animals and plants of the jungle 
is relentless struggle and bloodshed a necessary price of 
evolutionary survival and progress. Biologists knoxv that 
mutual toleration and cooperation are just as ubiqui- 
tous in nature as exploitation and predation. Surely, the 
growing trees in a forest compete with each other for 
light and space. And yet, the trees and other forest 
inhabitants form a biological community of interde- 
pendent members, some of which at least can not exist 
without the others. We know that there exist a multi- 
tude of germs and parasites which incapacitate or kill 
their animal or human hosts. But there exist also less 
publicized organisms, for example those living in the 
intestines of every human being, which not only cause 
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no appreciable iiarni but may even be useful by inanii- 
facturing some of the vitamins needed by the human 
body. Some animals and plants have become so com- 
pletely dependent upon such associated organisms that_ 
they die when the association is broken. This condition 
of mutual aid, betw^een, members of ■different spe.cies-is-'^ 
so widespread in both animal' and plant kingdoms that,-' 
a special word, symbiosis, living' together, has been 
, Goiiied for it. 

It is a plausible though not fully confirmed hypothe- 
sis that parasites which seriously incapacitate or kill 
their hosts have only recently (on an evolutionary time 
scale) become parasitic on that species. Consider that 
not only the welfare but the very existence of parasites 
depends upon the availability of hosts to support them. 
When a parasite causes a disease which is fatal to the 
host, the parasite usually kills itself together with its 
carrier. Conversely, when two or more organisms are 
mutually useful, the fitness and the chances of survival 
are improved for each of them. Natural selection tends, 
therefore, to promote cooperation, and to minimize 
competition among organisms. In the process of evolu- 
tion host and parasite species become mutually adjusted 
and establish first a toleration, then cooperation, and 
finally interdependence. 

Mankind is a biological species and a part of nature. 
But man is also a unique being, the possessor and the 
creator of a social organization and of culture. He is 
the '‘political animal.*' No end of misconceptions and 
of errors are due to failures to grasp the significance of 
this duality of man. It is bad biology as well as danger- 
ous deceit to say that man is “nothing but an ape with 
a few extra tricks.*’ These extra tricks make him man, 
not ape. And it is absurd to say that considering man 
a biological species “degrades him to the level of beasts** 
—an opinion shared by some religious cranks and by the 
Communist Party of Russial Man is a product of bio- 
logical evolution. But man's evolution is profoundly 
influenced by his humanness and his culture. The folly 
of attempts often made by biologists to understand 
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liuiiiaii biological evolution without reference to hjs 
culture is only matched by the disregard of biology in ^ 
the writings of some psychologists and sociologists. 

The human species has evolved an adaptive inechan- 
isin m^hich in its power and effectiveness has no prece- 
dent in all the billion years of living evolution. This 
mechanism is the human brain. Animals and plants be- 
come adapted to their environments through changes in 
their bodily structures and functions. Man attains mas- 
tery of his environments chiefly through discovery and 
invention. It is tlianks to the activities of his brain, and 
to the preservation and sharing of these activities by 
which tliey are magnified and accumulated— in short, to 
bis cultural inheritance, that he has been able to spread 
ail over the varied world. To this and not to his ability 
to make war is due his '^conquest'' of the earth. As a 
biological species man has proved to be a remarkably 
fit product of evolution by natural selection. He has far 
outstripped many animal species which far exceed him . 
in bodily strength or prowess. 

What, then, are the properties which make man bio- 
logically fit? The answer is clear: in man, biological 
fitness largely coincides with his fitness to live in the 
society of which he is a member. The demands made by 
different societies are variable. Some exact submission of 
the individual, others set a higher value on personal 
independence and initiative; some favor greed, %vhile 
others magnify generosity; in some, selfishness is en- 
couraged, in others self-sacrifice. But all societies, primi- 
tive as well as advanced, by their existence and survival 
place a premium on brain power, on the ability which 
permits the individual to learn from experience and to 
modify his behavior accordingly. 

The assertion frequently made by persons superfi- 
cially acquainted with biology that natural selection has 
ceased to operate on the human level cannot survive 
critical examination. It is based on the assumption that 
‘^natural selection” must always involve a direct strug- 
gle of everyone against everybody and must leave in its 
train heaps of corpses^as the price of progress. We have 
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seen, however, that there is no basis for such an assump- 
tion, even for organisms below man in the evolutionary 

■scale*'.'.'" ■ 

Bad'Genes ■ ■. 

The qualities which natural selection favors or dis- 
criminates against depend upon the environment in 
which the animal or plant lives. What is “bad'* for the 
individual in one place, for example a tropical forest 
or a desert, may be “good** in another, such as the Arctic 
seas. The qualities favored in man are in part, of course, 
the animal qualities which had survival value in his 
ancestors, and those anatomical and physiological adap- 
tations, such as resistance to specific diseases, which per- 
mit him to survive in a variety of habitats. There are 
other qualities, however, %vhich, living as he does in 
human environments, are preeminently human quali- 
ties, and first and foremost amongst these are qualities 
of brain and sense organs. A powerful brain and a great 
spirit may sometimes reside in a weak body, and we ail 
know of great men who were invalids for much of their 
lives. To say this is not to deny the importance of bodily 
strength and health. The ideal is certainly a sound brain 
in a sound body; mens sana in corpore sano has been 
the motto of ancient as well as many modern societies. 

It is perfectly evident that this ideal is far from being 
reached at the present stage of human evolution. Quite 
apart from the crippling and stultifying effects of bad 
environment and inadequate nutrition, which are the 
lot of a large proportion of the world's population, there 
are particular genes and combinations of genes which 
are bad in nearly all human environments. Thus, there 
is one form of a gene which when received by a child 
from both parents renders him a deaf mute. The world 
of sound does not begin to exist for an infant with this 
condition, and the child does not start to speak unless 
given a special training, because it never hears anyone 
else speak. Two normal parents may have a deaf mute 
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child, because both of them, without being aware of the 
fact, carry a recessive gene for deafness. 

Many people are blind, because they inherited par- 
ticular genes. An appreciable proportion of the many 
blind persons in the United States are victims of defec- 
tive genes. Not all of these have the same gene for blind- 
ness. Indeed, over a hundred different hereditary eye 
diseases are known, some dominant, others recessive. 

Probably ail organs of the body are subject to defects 
brought about by specific genes. There is a dominant 
gene which makes the bones brittle, so that slight jolts 
produce fractures. There is another which reduces arms 
and legs to stumps, and many other genes producing 
different minor malformations, while still others express 
themselves in defects in heart, lungs, blood, and in 
many bodily functions. 

Perhaps the most tragic of all human woes are mental 
defects and diseases, and some of these are undoubtedly 
inherited. There is one gene, a recessive, which where 
received from both parents, gives rise to a form of 
idiocy accompanied by blindness. A baby seems normal 
at birth, but a loss of vision and mental deterioration 
occurs at the age of about five to six months. Complete 
blindness and idiocy are soon reached, and death ensues 
usually during the second year of life. A rather similar 
condition, but due to a different recessive gene, is known 
as juvenile amaurotic idiocy. PI ere the mental decline 
sets in at about six years of age, and death occurs at 
about the age of adolescence. Amaurotic idiocy is, for- 
tunately, a rare condition. In Sweden about one out of 
every 25,000 babies born becomes an amaurotic idiot. 
Another form of idiocy, due to a single recessive gene, 
results from the failure of one of the biochemical proc- 
esses of the body by which proteins are broken down. 
The mental arrest in this case sets in later than in the 
preceding cases and is not so severe, although these 
so-called phenyl-pyruvic imbeciles are never self-sup - ^ 
porting and never have children. 

Although the frequency of any gene with conse- 
quences as disastrous as those above is kept down by 
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natural selection, through the early death o£ individuals 
showing the effects of the gene, there are unfortunately 
very many such genes which express themselves in men- 
tal deficiency so that the aggregate effect is considerable. 

Genes responsible for mental illnesses which manifest 
themselves after the age of reproduction has been 
reached would not be held in check by early death. Un- 
fortunately little is known about the mode of inheri- 
tance of the different mental disorders, and it is gener- 
ally recognized that many of the genes responsible may 
express themselves only under particular conditions of 
environment, disease, and stress. Some authorities esti- 
mate that as many as five per cent of the American pop- 
ulation suffer from mental disease at some time during 
their lives. It is certain that not all mental disease or 
mental deficiency is due to bad genes. Epilepsy, for ex- 
ample, is probably more often caused by injury or other 
disease than by a defective gene. There are, nevertheless, 
many genes which produce defects in most of the human 
environments which we have thus far been able to 
provide. 

To be contrasted with these bad genes are those hun- 
dreds or thousands of different useful ones, most of 
them helping to produce the good and useful characters 
of mind and body which have enabled man to rise from 
savagery and build civilized societies. It is difficult to 
estimate the ratio between these and those which are 
defective and lead to characters which are harmful both 
to the individual and to society, but man's evolutionary 
success shows that he had the necessary kinds of genes. 

Some authorities believe that the possessors of defec- 
tive genes are now reproducing more rapidly than the 
possessors of normal genes, and thus that mankind is 
headed for a biological twilight. This trend, which is 
the opposite of that expected from natural selection, is 
said to be due to the reversal of natural selection by 
human agency. Modern civilization, better nutrition, 
hygienic improvements, and especially modern medi- 
cine, save from death and prolong the life of many 
weaklings and victims of hereditary defects who would 
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die oO under '"natural’' conditions, meaning by **natu- 
raF* the living conditions of savages or of animals, Hu- 
man kindness and the desire to help the unhappy and 
the weak lead to the survival and propagation of defec- 
tive gettes. These arguments appear so plausible and 
the problem involved so grave that an intelligent per- 
son must give them some thought. This is doubly true, 
because these arguments are exploited by those wdio 
would like to withhold the benefits of modern science 
and technology from gieat masses of people under the 
pretext of permitting "nature” to preserve by selection 
the biological powers of the masses for posterity. 


Genes hi Mixed Populations 

Where does the great variety of bad genes come from? 
Has the hereditary endowment of mankind really be- 
come hopelessly diseased? To consider some answers to 
these questions we must understand how genes change.,^ 
by mutation (p. 75), how particular forms of genes 
spread through populations, and why it is that the gene 
mixtures that distinguish different human populations 
tend to remain more or less constant from generation to 
generation. The last named problem was taken up in- 
dependently and simultaneously by Hardy, an English 
mathematician, and by Weinberg, a German physician, 
in 3908, not long after the rediscovery of Mendel's law, 
and led to a great clarification of the nature of biologi- 
cal populations. 

Now, the ideal way to study the behavior of human 
genes in mixed populations would be, one might think, 
to mix a knowm number of genes of one kind (actually 
of persons carrying that kind of gene) with a known 
number of genes of another kind, and to observe such a 
mixed population after one, two and several genera- 
tions. Could one, for example, find one of those hospi- 
table South Pacific islands inhabited by a thousand 
black people, and drop upon it one fine day, a thousand"^ 
blond Americans? To ask such a question is to state the 
difficulties and limhations of this w’^ay of studying it, for 
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S-^ even were sucfi an experiment possible, it would defeat-’ 
, - there were a preference for blonds or for ■ 

brunets (as there ^ often is), marriage would hardly be 
^ at random and this would give little scope for the genes ^ 
to distribute themselves by chance. Moreover, blond- 
^ ness and black skin do not differ by just one pair of 
genes; and counting and classifying all the intemiediate 
hues of skin color from black through khaki and caf^ 
au lait to more or less white would be troublesome and 
• unsatisfactory. 

These difficulties could be got around if we could find 
; a character which was due to just one gene difference, 
and if this character was not noticeable and therefore 
j would not influence mate selection. We have already 
described such a character in Chapter i. About thirty 
j per cent of Americans are unable to taste the substance 
, known as phenyUhio-carbamide (PTC) while to sev- 
» " enty per cent this substance has an unpleasant bitter 

' taste. There is a dominant gene T for tasting, and a 

■ recessive t for taste-blindness. Now, most people have 
never heard of PTC, and a man could seldom know 

L whether a particular girl could or could not taste it, 
and, even though he knew, this would not inffuence the 
zeal with which he sought to marry her. Under such 
conditions we can be sure that marriage has been a 
random affair with respect to PTC. 

Suppose now we drop upon an empty island a large 
population consisting of seventy per cent tasters and 
thirty per cent non-tasters. What proportion of tasters 
and non- tasters wilT there be after one, two, three or 
more generations? This question is virtually answered 
; for us by the description of the American population, 
for each time it is examined, by different investigators, it 

■ is found to consist of about seventy per cent tasters and 
thirty per cent non-tasters. It is as though a mixture of 

^ just this sort had been dropped upon the United States 
^ at some past time. 

To understand just how this proportion maintains 
itself equilibrium,'' the reader should consult the 
r Appendix. The important fact discussed there in detail 
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is that no matter what may be the proportions of tasters 
and non-tasters in the population of an island or a 
country, these proportions will persist indefinitely Of 
course, this is true not only for the genes T and t which 
are responsible for the ability or inability to taste PTC 
but for any other genes as well, provided only that ner- 

of children. The genes found commonly in a population 

Jare^Jni """T” centuries laL, and 

namefv? continue rare. Contrary to what the 

recessiveness” seem to imply, 
“if recessive oils, 

fremieU nf^T'""' dominants. The 

frequency of each gene tends to remain constant 
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of persons showing the effects of that gene. Since non*- 
tasting is recessive to tasting, the proportion of the gene 
t for non-tasting in the gene pool is the square root of 
30 per cent, or about 55 per cent (ybTgb rr 0.55) of al! 
the genes of the T-t kincl. It is equally easy to find the 
proportion of persons in a population who \nll show 
the effects of a gene if we know the frequency of that 
gene in the gene pool. The frequency of persons show- 
ing the effects of a recessive gene is the square of the 
frequency of this gene. For example, if a recessive gene 
is found in of the gene pool (10 per cent, or 0.10 
of the whole), about i per cent (o.io‘^ — o.oi) of the 
population will have this gene in duplicate and will 
show^ its effects. 

We can, then, predict with confidence that the present 
proportions of blue-eyed and brown-eyed persons in 
New York City will be found in New York some cen- 
turies hence, unless one or more of the follow’ ing things 
happen. 

(1) Relatively more blue-eyed (or brown-eyed) peo- 
ple come to New York or leave New York to live in 
other places. 

(2) Blue-eyed (or brown-eyed) persons acquire some 
advantage over the other type in health, or length of 
life, or fertility, or some other quality wdiich results in 
one class tending to have more children than the other, 

(3) A means is discovered by which brown-eyed genes 
can be made deliberately to change into blue-eyed genes 
or vice versa. 


New Genes by Mutation 

We have now to ask a question pointed at the very 
root of the problem of evolution: What is the origin of 
the variety of genes which is found in all populations? 
It is not difficult to understand why, given a gene for 
brown eyes and its alternative for blue eyes, both forms 
should persist in the population if neither has an advan- 
tage over the other. But suppose that a defective gene 



are becoming more frequent, but this is probably a false 
appearance due to improved statistics and not to wors- 
ened health. During the few decades, a century at most, 
for which anything like reliable statistics are available, 
the incidence of hereditary diseases has probably re- 
mained stable. How can this happen if some defective 
genes are lost in every generation? The explanation is 
that some genes change from normal to defective by a 
process known as mutation. 

Mutations have been observed and studied chiefly in 
animals and plants. So many millions of these have 
now been observed under experimental control that, 
even though mutations are rare, thousands of them have 
been catalogued and studied. In man they are less easy 
to ascertain because to do so we must know very well the 
behavior of a trait in heredity. After all, children carry- 
ing a recessive gene in double dose (say, amaurotic 
idiots, or, for that matter, non-tasters of PTC) are quite 
frequently born to parents neither of which show the 
trait in question. As we know, this is simply Mendelian 
segregation. Mutation is the origin of an hereditary 
trait which did not exist at all in the parents of the 
mutant. Suddenly, among many normal offspring, a 
single individual is born with some unexpected trait, 
which is then transmitted to the offspring of that 
individual. 

Mutations to dominant traits are detected more easily 

*1 ..1 . ^ 


than those to recessive ones; this is because dominant 
genes are not in general present in the parents of the ^ 
suspected mutant without being manifest in their 
ternal appearance, while recessive genes are regularly 
thus concealed. A colored woman born in 18^9 in 
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Loiiisiaiia from normal colored parents proved to be 
piebald, that is, her skin was irregularly splotched witli 
white. She had fifteen children by a normal colored 
man, eight of which were also piebalds. At least five of 
these are knowm to have had in turn some piebald 
progeny, while no piebalds w^ere born to their non- 
piebald brothers and sisters. It is fairly sure that the 
baby girl born in 1853 ^i'ose from a sex ceil tvhich con- 
tained a newiy arisen dominant mutant gene. This gene 
she transmitted, as expected, to about half of her off- 
spring. Several instances in which a dominant heredi- 
tary defect not present in the pedigree appeared sud- 
denly in a single child born of normal parents are 
recorded in the medical literature. It is certain that at 
least some of these instances represent authentic mu- 
tations. 

Precisely %vhy mutations occur in man or in other 
organisms we do not know as yet. Mutations appear 
more frequently in the offspring of individuals treated 
with X rays, high temperature, and some chemicals. But 
mutations also occur without any treatments. For all 
we know, they just happen. It has, for example, been 
estimated that about one in every 100,000 human sex 
cells carries a newiy arisen mutant gene for haemophilia 
(bleeder's disease). The British Queen Victoria appar- 
ently arose from such a mutant sex cell; anyway, she 
transmitted the haemophilia gene through her daugh- 
ters and granddaughters to the Russian and Spanish 
royalty. An irreverent scientist has even remarked that 
having been a carrier of a newly arisen mutant gene may 
eventually be the lady's chief claim to fame. 

When all or a part of the victims of an hereditary 
disease regularly die without leaving progeny, and nev- 
ertheless the disease does not become less frequent with 
time, this is probably because the supply of diseased 
genes is kept up by mutation. When the number of the 
defective genes which are wiped out in every generation 
through death of their carriers without issue is equal 
to the number of these genes arising by mutation, the 
outgo and the income balance, the disease becomes 
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neither more nor less frequent with time, and what is 
known as the state of equilibrium is established. 

We can be absolutely sure that hereditary diseases 
and defects have not been brought about by the effects 
of civilized life. It is absurd to say that tliese diseases 
and defects indicate degeneration of the species. Natural 
populations of wild animals, as well as domestic ani- 
mals, carry innumerable defective genes. There is no 
doubt that such "degeneration” has accompanied all 
evolution, including progressive evolution. 


The Grain and the Chaff 


As stated above, the occurrence of mutations is re- 
garded in modern biology as the fountainhead of all 
evolution. In every generation, the process of mutation 
adds a variety of genes to the gene pool. Next, sexual 
reproduction and Mendelian recombination bring these 
genes into new combinations. And finally, natural selec- 
tion is the great thresher, which separates the grain 
from the chaff. You may also liken organic evolution to 
the process of manufacture. Mutation supplies the raw 
materials, while sexual reproduction, Mendelian re- 
combination, and natural selection accomplish the man- 
ufacturing process itself. 

A seemingly very grave objection to this theory of 
evolution may have occurred to the reader. We have 
mentioned mutations which produce such serious hered- 
itary diseases as haemophilia, or such traits as piebald 
skin, or woolly hair. If we were to describe more exam- 
ples of mutations in various otganisms, it would plainly 
appear that most of them are harmful, or at least useless, 
to their carriers. But harmful mutations can only lead 
to degeneration of the species; so how can such muta- 
tions improve the fitness of their possessors? 

The solution of the puzzle is simple enough. In the 
above discussion we have forgotten an important vari-J* 
able-the environment. The fitness of carriers of a par- 
ticular heredity may be low in some environments but 
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high in others* In man, light-skinned, and especially 
albinotic, individuals often suffer painful sunburn, 
while persons with pigmented skin are relatively pro- 
tected from this danger* On the other hand there is some 
evidence that light skins pennit their possessors to se- 
cure a supply o£ vitamin D (the ‘‘sunlight*' vitamin) 
more easily than do dark skins. Are, then, the genes 
which make the skin white useful or harmful? The 
question is evidently meaningless if the environment is 
not specified. Light pigmentation may be useful in 
countries with scarce sunshine, and dark pigmentation 
in climes with strong sunshine. The ability to withstand 
intense heat is very useful in the jungles of Africa or of 
Brazil; but it is resistance to cold which counts most 
with the inhabitants of Greenland or Tierra del Fuego. 
A group of botanists transplanted certain plants native 
on the seacoast of California to high mountain mead- 
ows; the transplanted individuals died because of their 
inability to stand the long mountain winters. On the 
other hand, when races of the same plant species which 
grow naturally on mountain meadows were transplanted 
to the coast, they proved very susceptible to attacks by a 
disease-producing fungus (mildew). 

Some people like to believe that all men are born not 
only equal in rights but also biologically alike. But facts 
show clearly that people are not alike. In man, as in 
other biological species which reproduce sexually, actu- 
ally no two individuals have the same hereditary en- 
dowment (identical twins excepted). Biological differ- 
ences are quite compatible with equality; equality is 
not a biological but an ethical principle. And in the 
light of the evolution theory we can understand why 
men are not all alike. It is because the world in which 
we live is tremendously diversified. It has plains and 
mountains, woods, prairies, and deserts, rich and poor 
soils, tropical isles and arctic tundras, places where food 
is plentiful and others where it is difficult to come by. 
When a species is confronted with a variety of oppor- 
tunities for life, it usually evolves a variety of types that 
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are able to exploit these opportunities most efficiently. 
This diversification is made possible by the mutation 
process which furnishes the genetic raw materials from 
which diversity can be built. 

A mutation may be harmful to its possessor in some 
environments, say in cold climates, but useful in others, 
for example, in hot ones. This does not mean that every 
mutation must necessarily be useful in some environ- 
ment. Most mutations, such as the human hereditary 
diseases discussed above, are injurious or even fatal in 
all known environments. Perplexing questions which 
may then be asked are these: Why should harmful and 
useful mutations occur indiscriminately at all times? 
Would it not be vastly more advantageous for life and 
for its evolution if only useful mutations were to take 
place only when and where they are needed? That 
would certainly spare mankind no end of the suffering 
caused by defective heredity. 

The answers to these questions are not difficult. 
This is not a perfect world. Mutations are changes, 
probably chemical in nature, which alter the structure 
of the genes and their effects on body or mind. To pro- 
duce only mutations that would be useful in the en- 
vironment in which the descendants of a given individ- 
ual are going to live would require the genes not only 
to possess wisdom but foresight. This is just too much to 
expect and, in any case, nature has not seen fit to endow 
mortal creatures with providential powers. All kinds of 
. mutational changes of which a gene is capable do occur 
in it or in its descendants, given the vast stretches of 
time through which the hereditary material continues. 
A few of these changes will be useful to the organism 
in some environments. A majority of changes will be 
' harmful, just because tinkering with a delicate mechan- 
, fern is more likely , to spoil it than to improve it. A more 
biological reason is that the mutations which are useful 
\ iii today's environments took place in the past and have 
' become incorporated in the ~“normar' hereditary con- 
? stitutiom The heredity which every one of us received 
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is made up of mutations which occurred in our remote 
ancestors and which did prove more or less useful. For 
it is just this accumulation and combining of useful 
mutations which transformed our pre-human forebears 
into the human species. 

Harmful mutations and hereditary diseases are thus 
the price which the species pays for the plasticity which 
makes continued evolution possible. A harsh and cruel 
price it is. It is for the human mind to seek to mini- 
mize this price, if it is not possible to do away with it 
altogether. 



5 . Controlling Man’s Heredity 


Man is a relative newcomer on this earth. The most 
ancient fossil bones of men pretty much like the ones 
now living are only between 70 and 80 thousand years 
old. And the first light of recorded history dawned in 
the valley of the Nile only some six thousand years ago. 
On the time scale of biological evolution these are very 
recent dates, indeed. Some biological species have en- 
dured for many millions of years. And yet, the heredi- 
tary endowment of man, forged by natural selection, has 
enabled him to evolve his culture and to work tremen- 
dous changes on the face of the earth. He has modified 
profoundly many species of animals and plants which 
he has domesticated, has exterminated many wild spe- 
cies, and has altered the very appearance of a large 
portion of the land surface. Human civilization has 
proved to be a powerful agent not only biologically but 
even geologically. 

One possession, however, man has neglected almost 
entirely. This is his most precious patrimony— his own 
hereditary endowment. This is not really surprising, 
because until very recently he knew very little about 
heredity. Acting on such insufficient and unreliable 
knowledge may well do much more harm than good. 
Although this knowledge still remains decidedly unsatis- 
factory nevertheless it has made rapid progress within 
the last century, and especially within the last decade or 
two. It is not premature, then, to think about the uses 
. to which this knowledge should and should not be put. 



Euthenics and Eugenics 

No matter how much people disagree with each other 
about many things, they are unanimous in the recogni- 
tion that the world in which we live is far from perfect 
and needs improYement. There is a distressing amount 
of disease, deformity and debility; individual humans 
do not always act as laudably, and human societies do 
not function as smoothly, as they should. The dissatis- 
faction with tilings as they are, and the ability to see 
things as they ought to be, are the prime movers of all 
progress. Now% there are two possible ways to change 
people (or other organisms). First, one can change the 
environments in w’^hich people grow^ up— the nutrition, 
sanitation, education, political systems, etc., so that 
people will be healthier, happier, more intelligent, and 
morally upright. This is euthenics. Secondly, one may 
strive to decrease the number of people born with hered- 
itary defects of all kinds, and to increase the number 
with genes which favor the development of superior 
qualities. This is eugenics. 

Eugenics and euthenics both aim to improve people. 
But euthenics proposes to work with existing genetic 
equipments, and to create environments in which the 
best potentialities of these equipments will be brought 
to realization. Eugenics aspires to alter the genetic basis 
of human populations and ultimately of mankind. It 
should be obvious that euthenics and eugenics are com- 
plementary and not conflicting modes of action. Unfor- 
tunately, they are all too frequently treated as alterna- 
tives. You may hear eloquent laments that individuals, 
groups, nations, or races are biologically primitive, 
tainted, or corrupt, so that all efforts spent on their 
education or on the improvement of their lot will be 
wasted. So, let us postpone any plans for social better- 
ment till some vague future when inferior heredity will 
have been eliminated. Of course, the lamenters them- 
selves, and the groups to which they belong, carry the 
most valuable genes, and they merit the best of living 
conditions, as well as a deciding voice in the fate of their 
less well endowed brethren. This attitude is all too 
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frequently opposed by assertions that all will be w^ell i[ 
we adopt some particular political nostrum, in complete 
disregard of the fact that some physical and mental ill- 
ness is caused by defective heredity. 

Here it must be emphasized again that heredity is 
not an implacable fate to which one must submit in 
resignation. Sugar diabetes is probably due to a defec- 
tive gene, yet treatment with insulin makes the outward 
signs of the disease disappear. Moreover, many people 
who inherit the gene do not develop the disease. There 
can be no reasonable doubt that the progress of science 
will bring similar deliverance to sufferers from other 
hereditary diseases. A hereditary disease is not neces- 
sarily an incurable disease as is often wrongly supposed. 
After ail, medicine is an applied science which proceeds 
to devise environments to which various human heredi- 
ties would respond by production of the most favorable, 
or at any rate least objectionable, traits. Similarly, edu- 
cation aims, in the last analysis, to create environments 
in which the development of personalities would take 
the most favorable course. Theoretically, no heredity 
need be hopelessly beyond redemption. It is neverthe- 
less true that for many hereditary diseases no treatments 
are yet in sight, and that individuals “cured'' from 
diabetes transmit this gene to their offspring just as 
surely as do the actual sufferers. 


Positive and Negative Eugenics 

Eiigenical measures may be positive and negative. 
Positive eugenics programs urge people who are re- 
garded as carriers of desirable gene combinations to 
undertake the responsibilities of parenthood. Apart 
from propaganda designed to influence public opinion 
in desirable directions, positive eugenics favors eco- 
nomic measures which would ease the burdens of ma- 
ternity and child care. A program of this kind has been in 
operation in Sweden since about 1937, temporar- 

ily arrested the decline in numbers of the Swedish pop- 
ulation; it is premattue to judge its genetic effects if any. 



Mote enthusiasm has been shown m many places tor 
negative eugenics, which urges elimination -of undesir- 
able genes by discouraging or making it impossible for 
persons who show the effects of such genes to have chil- 
dren. Since voluntary abstention from parenthood may 
be difficult, ^^sterilization” for individuals who are likely 
to have severe hereditary defects is recommended. Steri- 
lization is accomplished through a surgical oper: 
the operated individuals are by no means 


'ation; 
hnsexed,” 
the treat- 
ment, but are unable to beget children. Sterilization 
laws are now on the statute books in many states and in 
some foreign countries. Some of them provide for ster- 
ilization only with the consent of the persons involved 
or of their guardians, others make it compulsory but 
controlled by the courts. 

Many eugenists believe that putting their program 
into practice would improve the physical and mental 
qualities of mankind within a few generations, and 
some of the more enthusiastic ones have put forward 
quite extravagant claims. For example, one of the speak- 
ers at the International Congress of Eugenics held in 
New York in 1952 asserted that ^‘there is no question 
that a sterilization law, enforced throughout the United 
States, would result, in less than one hundred years, in 
eliminating at least 90 per cent of crime, insanity, feeble- 
mindedness, moronism, and abnormal sexuality, not to 
mention many other forms of defectiveness and degen- 
eracy. Thus within a century, our asylums, prisons, and 
state hospitals would be largely emptied of their present 
victims of human woe and misery.” However, let us not 
be carried away by big promises without a careful 
examination of the possibilities of their fulfillment. 


Conirolling Harmful Dominant Genes 

The purpose of negative eugenics is to do away with 
hereditary diseases and other traits which are considered 
harmful or undesirable. There is no practical possi- 
hilitv of sending away the carriers of undesirable genes. 
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if the trait is recessive, like amamrotie . idiocy, for ex- 
ample, it can be recognized only in the aa class, while it 
will be hidden in the Aa class. Now it happens that 
children afflicted with recessive diseases and abnormalfe^ 
ties are born mostly to parents who are only heterozy- 
gons for the defective genes, and are themselves quite 
normal. Thus amaurotic idiots come only from A a 
parents who are quite normal. That is to say, most of 
the recessive genes we might want to eliminate occur in 
hidden form in heterozygotes, in people who do not 
show them at ail, instead of in homozygotes who could 
be identified and whose reproduction might conse- 
quently be prevented. 

What proportions of the recessive genes are carried 
in hidden form in Aa^ and in visible form in aa people 
depends on how common or how rare a given gene is 
in the population. Suppose that the genes A and a are 
equally frequent in the gene pool. In that case we find 
25 per cent of and 50 per cent Aa individuals in the 
population, that is, twice as many Aa as aa. But when 
there are nine times as many A genes as a, then we find 
81 per cent AA^ 18 per cent Aa, and 1 per cent aa indi- 
viduals. Here, then, the heterozygotes are eighteen times 
more frequent than the recessive homozygotes. In gen- 
eral, the less frequent a recessive gene is in a population 
the more are the homozygotes outnumbered by hetero- 
zygotes. This should be clear from the following table 
which shows the relative numbers of Aa and aa people 
in the population with various proportions of the re- 
cessive gene in the gene “pool.” 
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This shows dearly that if a gene for a recessive dis- 
ease or abnormality is rare, nearly all of the genes will 
be found in Ja people who are themselves perfectly 
normal, although, of course, they transmit the disease 
to their offspring. In England, for example, about one 
in every so,ooo people is an albino. This means that in 
the gene pool a little more than ninety-nine per cent 
of the genes are A (the gene for normal pigmentation) 
and less than one per cent are a (the gene for albinism). 
In this case about one and a half per cent of people 
will be Aa (normally pigmented carriers of albinism). 
The carriers are, hence, about 280 times as numerous 
as are the albinos. 

Now suppose that we are seized with a desire to have 
a race of people who can all taste PTC. Taste-blind- 
ness for PTC is to be regarded as a harmful trait, a 
defect which is to be purged from the race for good 
(actually, those who can taste PTC are, of course, 
neither superior nor inferior to those who cannot). To 
realize this desire we should sterilize or otherwise pre- 
vent the taste-blind people from having children. Since 
taste-blindness behaves in heredity as a recessive trait, 
all the taste-blind persons are in the aa category. Thus, 
we can stop all of the a genes in the aa people from 
going on to the next generation. But the gene for taste- 
blindness is found in Aa people as well, and A a per- 
sons happen to be about twice as numerous as are aa 
people. Thus, even if all the taste-blind people are 
sterilized, the gene for taste-blindness will be perpetu- 
ated through the A a carriers. Some taste-blind children 
will be born in the next generation. 

The table below shows what w^ould happen to a re- 
cessive trait which to begin with shows in about 25 
per cent of the population. This is only slightly below 
the actual frequency of taste-blindness in the United 
States. If ail persons showing the recessive defect (aa) 
are sterilized generation after generation, the percent- 
age of defectives in the population will decline approxi- 
mately as follows: 
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One generation after the introduction of the steriliza- 
tion program the frequency of the defectives is cut to 
less than a half. So far, so good. But notice that to de- 
press the frequency of the defectives from 6 to 3 per 
cent requires two generations. To reduce it further from 
3 to about 1 per cent five generations will be needed. 
Ten more generations of an unrelenting sterilization 
program would carry the defectives do'wn to 2 per looo; 
ten more generations to i per thousand; seventy gen- 
erations more to i per 10,000. The average length of a 
human generation is about 25 yo^rs. The reader can 
see for himself how much time is needed for the bene- 
fits of such a program to be felt. 

A sterilization program directed against taste-blind- 
ness might make this trait much less frequent than it 
is now within about a century. Now, let us turn to oui 
program against albinism, a recessive trait which is to 
begin with much less common in human populations 
than taste-blindness. As stated above, Aa carriers are 
about 280 times more frequent in the population than 
aa albinos. There are about 1400 Aa carriers and only 
5 aa albinos per 100,000 people in the population, that 
is, 1410 a genes per 198,590 normal, A genes. In steri- 
lizing the five albinos we are doing away with lo a genes, 
and hereby reduce the total number of a genes in one 
generation from 1410 to just 1400. This represents vir- 
tually no progress at ail in getting rid of albinism. It 
would take about two hundred generations (some 5000 
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years!) to reduce the proportion of albinos in the pop- 
ulation to half the present frequency. 

Now the full meaning of the above table becomes 
apparent dn practical terms. Where a recessive' gene 
■ common, it is frequently present in the aa form, that is,:; 
in people who actually show its effects, its frequency 
could be ■ quickly reduced by preventing the reproduc-^ 
tion of aa people. But as the recessive genes become 
rare, sterilization programs become less and less effec- 
tive. 

Now, we have tacitly assumed that the sterilization 
program is absolutely thorough, so that not a single de- 
fective ever escapes sterilization. It is, of course, doubt- 
ful if any program could be so airtight in practice. But 
even if we were able to enforce complete compliance 
with a sterilization program, the dependence of the 
effects of genes on the environment would be another 
stumbling block. We have already discussed this matter 
in connection with the sterilization of carriers of un- 
desirable dominant genes (p. 86). The progress is much 
slowed down if some individuals with defective heredity 
are normal in appearance and, therefore, escape ster- 
ilization. 

Assume, for example, that in a certain population lo 
per cent (looo per 10,000) of individuals have a reces- 
sive defect. If all such individuals are eliminated from 
parenthood, the frequency of the defect in the next 
generation will be reduced to 576 per 10,000. But if 
only half of them are eliminated, the defect will appear 
in 790 per 10,000; if only 10 per cent are sterilized the 
defect will be present in 961 individuals out of each 
10,000. ■ ' ■ . . 

This impotence of programs of negative eugenics to 
cope with rare defects is stressed for the very good 
reason that, strange as it may seem, most hereditary 
defects are rare. This surely does not mean that there 
is little human wretchedness in the world, or for that- 
matter little wretchedness due to defective heredity. 
But the fact is that there are so many different defects 
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that relatively little can be blamed on each one taken: 
separately. 'We have already pointed out that at least. 
15 per cent of the more than 75,000 blind persons in the 
United States suffer from hereditary eye diseases. This 
is a great deal of human misery. But the frequency of 
hereditary blindness is, roughly, 1 per 10,000 individ- 
uals, which is, biologically considered, a low frequency. 
Furthermore, no fewer than 100 different hereditary 
eye diseases are known, so that the incidence of most 
of them taken separately is quite low. 

Mental diseases present a human problem even more 
serious than blindness. Here again, a certain proportion 
of cases have little or nothing to do with heredity. 
Cases attributable to defective heredity are of many 
kinds which can be more or less easily distinguished by 
a specialist and are almost certainly due to different 
genes. Each gene is rare if its frequency is computed 
for the total population of the country. This is a great 
difficulty which advocates of sterilization do not always 
take account of. 

Difficulties of Eugenics 

We have seen that the efficacy of negative eugenics 
programs is by no means as great as claimed by some of 
their overenthusiastic supporters. Only if a defect is 
due to a single dominant gene the presence of which 
in a person is easily recognizable would elimination of 
all the defectives lead to disappearance of the defect 
in the following generation, except for new mutations. 
But it is doubtful if any eugenic sterilization program 
could be so thorough in practice, and one must reckon 
that only a fraction of the defectives would be pre- 
vented from reproduction in every generation. More- 
over, the defect might develop in only some environ- 
ments, and therefore a more or less considerable pro- 
portion of the carriers of the dominant defective genes 
i would escape being identified as such. The usefulness 
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o£ the eugenic program is thereby lessened still further. 
Nevertheless, where dominant defective genes are in- 
volved, elimination of their carriers from parenthood 
w^oiild unquestionably benefit the coming generations. 

. ' W due to recessive genes are conGerned;: 

the efficiency of sterilization is in general low. Only if a 
recessive defect is very common in the population can 
sterilization of ail the afflicted persons produce a sub- 
stantial decrease of their numbers in the next genera- 
tion. For defects which are rare, or caused by recessive 
genes which show only in certain environments, or 
dependent on two or more recessive genes present in the 
same individual, very little is accomplished by steriliz- 
ing even all the defectives in a single generation. To 
be sure, if a sterilization program is continued for many 
generations, the defect will become eventually less com- 
mon than it was to begin with. The process may, how- 
ever, take centuries or even millennia. 

Our opinion regarding the worthwhileness of such 
a program will depend on how dear to us is the com- 
fort of remote posterity compared to the discomfort of 
our contemporaries. It is, perhaps, not too selfish to say 
that posterity should be allowed to tackle its own 
problems and to hope that it may have better means for 
doing so than we have. The discovery of such means 
is already under way. The difficulty with recessive de- 
fective genes is that a single dose of such a gene does not 
produce the defect in the carrier (heterozygote). The 
problem then is to identify such carriers. It is already 
possible to do this in the case of a gene which, in homo- 
zygous state causes a blood disease (Cooley's anemia) 
which is fatal in early life. Extension of this ability, 
which depends only on the progress of research, will 
make it possible to advise carriers of the same recessive 
defect of the risk they will run if they have children; 
or where necessary to advise sterilization of carriers of 
severe defects, and thus make : a. sterilization program 
really effective. Finally, let us not forget that treatments 
may and probably will be found that will relieve or 
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cancel the manifestation of hereditary defects, as insulin 
relieves the manifestation of hereditary diabetes. 

On the other hand, it is possible to argue that, even 
though a eugenical program is of little effectiveness as 
far as mankind as a whole is concerned, it is worth while 
if it prevents the misery of a single or several human 
individuals being bora with grave defects. On this basis, 
abstention from parenthood of persons wdio are likely 
to transmit defective genes can only be welcomed, espe- 
cially if this abstention is voluntary. What has to be 
very carefully watched is that eugenical programs of 
various kinds should not be substituted for measures 
designed to improve the living conditions and the op- 
portunities of people to secure their share of happiness 
in life. Unfortunately, eugenic propaganda has in the 
past often been combined with a disposition to do 
nothing in the field of social reform. 

Radiation Hazards 

No eugenics program can eliminate all hereditary 
diseases and genetic defects, because defective genes arise 
from normal ones by mutation, as set forth in Chapter 
4. Mutation, of course, generates good genes also, but 
for reasons already discussed most mutations are harm- 
ful. Now, every harmful mutation will eventually cause 
a ^‘genetic death” of a human individual, although 
this may occur many generations after the origin of 
the mutation, especially if the mutation is recessive. 
We must, then, do all in our power to diminish the 
number of defective mutant genes being added to the 
gene pool of human populations. Unfortunately, the 
progress of modern science and technology has so far 
accomplished the exact opposite — the rate of origin of 
harmful mutations is likely to become very much in- 
creased. 

The use 'of X rays for diagnostic and therapeutic 
purposes is among the important tools of modern medi- 
cine. It happens,, however, that X rays are also the most 
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powerful known means for increasing the frequency of 
mutations. If, then, insufficient care is exercised, so that 
' the-' sex glands (ovaries or testes) of the patient are:.' 

■.irradiated when the patient is. treated with X rays,, mu-'/' 
tations will be induced in some of his sex cells. The 
insidious nature of this hazard is that it is completely 
iniperceptible either to the patient or to the physician. 

But if the patient becomes a parent he is likely to 
transmit a mutant gene to his offspring. If this gene is 
dominant, the child is born with some defect, which 
will in all likelihood not be ascribed to the treatment 
at all. But if the mutation is recessive, then several or 
even many generations may elapse before the harm 
becomes apparent. 

The release of atomic energy, either for constructive 
or for destructive ends, will expose to mutation- 
inducing radiations even greater numbers of people. Of 
course, if the sex glands are shielded from the radia- 
' tions used for medical purposes, or produced in atomic 
energy plants, the danger of harmful mutations in the 
sex cells is avoided. One must only remember that 
there is no such thing as a “safe” dose of radiation; the 
number of mutations induced is simply proportional 
to the amount of radiation reaching the sex cells, and 
if a person is exposed daily to small amounts of the :^| 

rays, these small amounts may add up to very danger- 
'.■,../■. O.US 'Sums. ' ■ 

Misuse of atomic energy may result in eventual harm 
to mankind which is fearful to contemplate. If atomic 
iveapons are resorted to in major wars, large masses , ! 

of humanity wull unavoidably be exposed to mutation- - 

inducing radiations. Persons killed or maimed will be 
the obvious victims, but those who survive will trans- 
mit to their immediate and remote progeny some defec- | 

tive heredity which will add to human misery during t 

^ centuries and perhaps during millennia. The defective i 

genes introduced into the human gene pool will be do- / 

ing their gruesome %vork in a slow but remorseless way. / 

Those in whose power it lies to plunge mankind into 

__ , / 
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this calamity, or to save it from this trial, should be 
made conscious of the magnitude of their responsibility. 
Ihey do not show this consciousness how. 


Differential Fertility 


Accurate statistics of births and deaths in the United 
btates eiast for less than a century. Neverthelessy it is 
cer am that in colonial days an American woman gave 
buta to between two and three times as many babies 
in her hfetime as does her modern descendant. Even in 
1800, there were close to one thousand children under 

aJp s thousand women of reproductive 

age m the . 4 mencan population. By 1930. this figure 

Tomen children per one thousand 
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V r in France and 

Im the European countries) it reached such a stage 
hat the populations began to shrink below what is 
egarded as optimal sizes. For simultaneously with die 
reduction of births, the infant mortality and the gen- 
eral death rates have declined also. With improved tfch- 
niques of child care and the advances in general hv 
giene a smaller number of babies suffices to keep the 
population replacing itself in each generation ^As a 
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I Motiwrs' Schoolmg Children 

^ 1 None 5.95 

7 1-4 years of grade school 4 ..$$ 

I 5-6 years of grade school. g.74 

f y-8 years of grade school. 2.78 

5 1-3 years of high school. 2.37 

S' 4 years of high scho<jl 1.75 

1-3 years of college. 1.71 

{ 4 years of college. 1.23 

In 1935, families with annual incomes below $1000 
: had on the average about twice as many children as 
those with incomes between 1500 and $2000; and these 
c latter families had some fifty per cent more children 
y than families with annual incomes of $3000 and over, 
y Farm laborers had more children than farm owners; 
unskilled workers more than skilled ones; and profes- 
sional and business groups had fewest children of all. 

Now, it happens that just those groups which have 
greater average numbers of children show, when tested 
by psychologists, lower average ‘‘intelligence scores'' 
than groups with fewer children. For example, the fol- 
lowing average I.O.'s are found in children whose 
fathers belong to different occupational groups: 


dxmrage L(>* 
of Children 


Occupation of the Father 

Professional 

J:;';''Busihess,,„ Clerical' 
Skilled Workers 
Uiiskilied Worker 


differeiitial fertility of,:,sociai ■ classes is,; a.'.fact: 
which deserves calm and careful 'consideration. The fer- 
liilty differentials which now prevail in the United 
States and in other economically advanced countries are 
highly unfortunate, ; regardless ■' of , .whether '' human in- 
telligence is inherited or acquired. It stands to reason 
^ , ' that an intelligent mother is better qualified to bring, 
up children than a dull one; that’ a' well-educated 
mother is more desirable than an ignorant one; and 
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that a family of means can provide upbringing to its 
cMMren superior to that of a family ol paupers. 
some eugenists have conjured out of these facts an apoc- 
alyptic vision, which, if it were true, would make the 
future prospects of mankind bleak, indeed. 

The gloomy argument runs about as folloivs: The 
differential fertility of the social classes means that the 
future generations will be descended to a greater extent 
from the more fertile than from the less fertile classes. 
The more fertile classes are, however, lower in average 
intelligence than the less fertile groups. The more in- 
telligent people have, in effect, partly sterilized them- 
selves by leaving the business of childbearing chiefly 
to the less well endowed groups. Now, human intelli- 
gence is in part hereditary (see Chapter 3). The average 
intelligence of coming generations will, then, be less 
than that of the present one. Some high authorities have 
even calculated that the average I.Q. of the American 
population will shrink by about 1 “point'' per genera- 
tion. Other authorities expect even more rapid decline: 
2 to 4 “points" per generation. This trend will in a few 
generations transform us into “a nation of congenital 
morons." What is the use then of talking about progress 
and democracyl 

Is this doom really inevitable? Studies on twins have, 
to be sure, shown the existence of a genetic component 
in the development of human intelligence. But is it a 
justified extrapolation from the twin studies to conclude 
that the differences in I.Q. averages observed between, 
say, workers and businessmen have the same genetic 
component? Individuals wdthin a social class may be 
genetically different, for example, in eye color or in 
intelligence; but it does not follow that the different 
social classes must necessarily show a different inci- 
dence of individuals with different eye colors or differ- 
ent intelligence. To prove that the I.Q. differences be- 
tween social classes are genetic, one would have to fur- 
nish identical upbringing and a complete equality of 
opportunity to sufficiently large samples of children of 
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workers and of businessmen, and to observe the result. 
^ ouch an experiment has not been made. . 

An ^penment has, however, been done of measurin? 

' IQ ‘Q“ ® cleyen-year-old children in Scotland in 
3932 and again in 1947. It has been known that in 

Scotland, as elsewhere in Europe, the more “intelligent” 
classes produce fewer children per family than the less 
mtelhgent ones. The biological selection against in- 
telligence was, _ therefore, expected to produce a per- 
ceptible drop in the average intelligence within the 
space of 15 years-more than half of an average human 
generation time, estimated to be around 35 years. More 
than 87 thousand children were tested in iqas, and 
more than 70 thousand children in 1947. The numbers 
of eleven-year-old children in Scotland that were not 
tested aie estimated to be less than 10 thousand; there 
i», then, no question that the results obtained give an 
accurate idea of the average I.Q. of the eleven-vear-old 
Scottish children. Now, the average score for 1947 
proved to be 2.2 points higher than in 1932! Even 
though this result cannot be interpreted to mean that 
the Scottish children are becoming biologically more 
intelligent, it assuredly gives no support to the proph- 
Qcy ot deterioration of intelligence. 

It is not proven that better educated mothers and 
fathers have fewer children only because they are better 
educated. It is also po.ssible that some parents are better 
educated because they have fewer children. Early mar- 
riage obviously favors greater fecundity, and early mar- 
riage may interfere with the completion of a course of 
education. And vice versa, a willingness to postpone 
the satisfactions of marriage and family life often makes 
it easier to acquire an education. Again, the responsi- 
bilities of family life may restrict the freedom of move- 
ment of the parents, and thus interfere with their up- 
ward progress on the social ladder and with the growth 
of their annual income. Statistics show that fLilies 
who hve in low rental homes have on the average more 
children than families who occupy better homes. But it 
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Acquired Characters 
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in the best interests of mankind. Unfortunately, 
has often been perverted to a 

of social inequity and oppression. It is com 

knowledge that complete equality ^ 

the United States or in other western 

In much of Europe and ot Latin 

the social stratification is _ 

familiar with the social conditions of th | 
forget the degrading poverty of the teem- 
contrasted with the extravagant luxury ot a 
The notion that the underprmlegea 
biologically inferior to the favored ones is 
merelv a convenient but specious vindication of the in- 
justice which in any case is not biologically inevita . 

^ Now, those who have urged social reforms for the 
relief of human suffering have sometimes fallen pr 
another biological delusion. It is an 
the improvements gained by one generation m healt 
and culture and education would pass automatical y 
the next generations. The idea that if 
subiected to the same conditions they would all becom 
alike also appeals to some. The f^stion however is 
not whether we may wish this to be so. but whether 
is so. Many studies made by many investigators have 
produced no evidence whatever that bodily or menul 
traits acquired by the parents are passed on to the chil- 
dren through biological heredity. As we know, heredity 
determines not traits themselves, but responses of -he 
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individual to iiis environment. When a parent responds 
in a given way to his environment, the responses of his 
children are not thereby modified. Edncational achieve- 
ments of the parents are not inherited by the children; 
children have to be educated for themselves. Neither 
do wc inherit the acquired vices of our parents nor the 
changes in their bodies and minds brought about by 
accidents, rnalniitrition, sorrow, and the like. 

The notion that acquired characters are inherited is 
very old. In fact, it started not as a scientific theory at 
all but as a %videspread popular belief. It is explicitly 
stated in the Bible, in the story of Jacob’s experiments 
in the production of ringstreaked, speckled, and spotted 
sheep, that the conditions to which parents are exposed 
determine some of the characters of the progeny which 
are subsequently inherited. Later this idea became asso- 
ciated with the name of Lamarck, the pioneer French 
evolutionist. Lamarck knew that bodily parts, such as 
muscles, are strengthened by use and exercise, and are 
weakened by prolonged disuse. He supposed that evo- 
lution occurs because animals make efforts to secure 
food, to escape from enemies, and the like, and in so 
doing exercise and develop specific parts of their bodies. 
For example, Lamarck supposed that the giraffe got his 
long neck because the remote ancestors of the giraffe 
stretched their necks in the efforts to get at the foliage 
of tall trees on which these animals feed. The crucial 
question is whether the offspring of those giraffes which 
stretched their necks most are born with longer necks 
than they would otherwise have had. Strange as it may 
seem, Lamarck did not raise this question at all— he took 
it for gianted that the stretching would be inherited. 

Darwin supposed that evolution occurs by means of 
natural selection (see Chapter 4). For example, the 
giraffe’s neck became long because the individuals with 
somewhat longer necks secured more abundant food 
and had on the average more progeny than the rela- 
tively short-necked individuals. -Nevertheless, Darwin 
shared the belief, which was universal in his day, that 
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acquired traits are.inheritedvHe even invented what he; 
:::hiiiisel£ .called ■ a .“provisional . hypothesis, of./pangenesis” 

: to,': visualize iiow such inheritance iiiight,,,tahe place., Ac- 
^.cording to this hypothesis, every part' o£ the hody pre* 
pares a. kind o£ diminutive copy of itself, which he called 
;;,av. “pangene.” ■ These “pangenes” are .transported,.' by, 
blo^ to the sex glands, where they unite to form the 
sex cells. A body part which has acquired a new char- 
acter, say an arm the muscles of which have been 
strengthened by exercise, will bud off an altered “pan- 
gene,” and this “pangene” will produce a modified or- 
gan in the progeny. 

Darwin knew that his hypothesis of pangenesis was 
just a guess; this is why he stressed its provisional char- 
acter. But it fulfilled the most important function of 
any scientific hypothesis: it stimulated a great amount 
of research and experimentation. For at least thirty 
years, many biologists, among whom the names of Weis- 
mann and Galton should be mentioned most promi- 
nently, made studies on plants and animals to see 
whether acquired characters are ever inherited. The 
number of believers in this contingency dwindled stead- 
ily, because the outcome of the experiments on inheri- 
tance of acquired characters was so uniformly negative. 

The rediscovery of MendeFs laws and the develop- 
ment of genetics in the current century have produced 
a much better understanding of the mechanism of he- 
redity than was available in Darwin’s and Weismann’s 
day. In the light of this understanding we can clearly 
see why acquired characters are not inherited. This is 
because heredity is transmitted through genes and not 
through blood mixtures (see Chapter g). Genes arise 
from each other by division, they are not made in the 
various organs of the body as “pangenes” and not trans- 
ported into the reproductive parts and into the sex cells. 
The genes appear to be chemical molecules which repro- 
duce themselves from the environment, from food. The 
development of the body is ultimately a by-product of 
gene reproduction, and not vice versa. 
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All agronomist named Lysenko has recently secured: 
‘■lor himself much prestige and power in. the Soviet,:;- 
Union, and mncli notoriety elsewhere, by his attacks ;- : 
■on modern genetics and by his advocacy of tlie so-called ■ 
■■*'Miehiirinian’' theory of heredity. Lysenko’s views liave,. , 
in recent years, figured so much in the popular press, 
and have aroused so much passion, that we are forced 
to give them a brief consideration, despite the fact that 
they simply cannot be taken seriously by anyone famil- 
iar %vith the fundamentals of modern biology. For the 
queerest thing about Lysenko is that he has produced 
no new theories, either right or wrong ones. His asser- 
tions that acquired characters must be inherited differ 
only in greater vehemence from those made by the im- 
mediate followers of Lamarck and Darwin in the last 
century. Lysenko has revived Darwin’s hypothesis of 
pangenesis, although he does not call it by that name 
and does not acknowledge Darwin’s authorship. Fur- 
thermore, he denies, without cogent reason, the validity 
of Mendel’s discoveries and of the theory of the gene 
built on them. Lysenko also denies the chromosomal 
theory of heredity, with which he does not seem to be 
very familiar. If the word “reaction” means retreat to 
an outworn stage of the development of a society or a 
science, Lysenko’s “progressive dialectical” theories are 
certainly reactionary, since they simply do away with at 
least half a century of biological thought. 

Lysenko claims that his negation of modern biology 
is supported by the work of Michurin (1855-1935), a 
successful fruit-tree breeder, whom a propaganda cam- 
paign in the Soviet Union has now raised to the status 
of a national hero. Michurin unquestionably had a 
great practical knowledge of fruit trees as well as a keen 
eye for their useful characteristics, and he brought into 
use a number of very valuable new varieties. But Mi- 
churin was an amateur in biological science. Although 
in his work he followed the classical methods used by all 
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plant breeders, he ascribed his success to some 
“metliods” of his own invention, 
one must say that his fancies w _ 
tune with the status of biology m his 

all boil down to a belief in t 

ciiaracters. Thus, he believed in 
hybridization.” In many plants 
buds or twigs of one variety of tree onto j. 

not infrequently the leaves and fruits ^ 

the scion show an influence of the foreign slock, 

versa; Michurin believed that 'nstree He 

also in the offspring obtained from the grafted tree. He 

also believed that the heredity of a young, or ^ recent y 
transplanted, tree is somehow “unstable but that it 
solidifies afterwards. Lysenko’s followers aaim many 
wonderful transformations of heredity. The most ex- 
travagant of these claims is that by planting common 
wheat under unfavorable conditions one can transform 
it not only into a wheat o£ a different species ut 
into rye. This is like obtaining from your pussycat a lion 

cub or even a bear cub. . u . „ 

All that one can sav about these claims is that ever 
type of experiment in Lysenko’s arsenal was performed 
by biologists before him with results that fail to support 
him. And whenever his work is repeated by biologists 
and plant breeders outside the Soviet Union, the results 
contradict Lysenko’s assertions. The saddest part of the 
l^vsenko story is, however, that his theories have been 
endorsed by the rulers of the Soviet Union, and that 
opposition to them is no longer tolerated in that coun- 
try. Dissident and unorthodox views are often useful in 
science even when they are wrong, because they may 
stimulate more careful thinking and research. But there 
can be no justification whatever for the use of intimic a* 
tion, imprisonment, and exile, to establish the ascend™ 
ancy of a scientific doctrine, whether a right or a wrong 
one. The science of genetics has in recent years been 
destroyed in the Soviet Union by just these methods. 


• — fanciful 

To be fair to Michurin, 4 , 
;re not too much out of - 

T" 

the inheritance of acquired 
so-called “vegetative 
it is possible to graft 

another variety; 
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Can Genes Be Changed by the Environmentf 

Bodily:' or mental traits acquired during an individ- 
uaFs life are not transmitted to his offspring. The refuta- 
tion of the view that acquired characters are inherited 
has, however, been widely misunderstood as meaning 
that the heredity, the genes, are unchangeable or some- 
how insulated from the environment. It must be ad- 
mitted that the language used by some early geneticists 
was conducive to such misunderstanding, and this gave 
to Lysenko the pretext to declare the theory of the gene 
*'mysticar’ and even ‘*pseudo-scientific.” 

That genes can be changed by the environment is 
indeed self-evident. Although the exact chemical make- 
up of the genes is not known, they consist of a kind of 
chemical substance (nucleo-protein) which is extremely 
complex and can undergo changes in many ways. To 
give a crude example, when you boil eggs for your break- 
fast, you surely change the genes contained in these 
eggs by heat. Or, you can kill the sex cells of any or- 
ganism by any one of a great variety of poisons, and this 
will also change the genes carried in these sex cells. The 
important problem is evidently not whether genes can 
be changed, for they clearly can be, but what are the 
consequences of the change. And here it appears that 
the most usual result of changing the gene is to kill it. 
This is really not surprising at all, if one remembers 
that the gene is like a very delicate mechanism, and as 
such it is most likely to be spoiled by any shock. Nobody 
expects to improve his watch by poking a stick into its 
mechanism. The changes in the gene which are inter- 
esting to us are of a very special kind: They must be 
retained when the gene reproduces itself by making its 
copy from outside materials, from food. Such changes 
are called mutations (see Chapter 4), and they occur 
relatively rarely. The statement that the heredity of an 
organism can not be changed easily means, then, only 
that ive do not yet know how to make the genes of a 
certain kind mutate to a desired alternative state. 

But even the lack of control over the mutation process 


I 


I 

I 

I 


J 





does not mean that the heredity can not be changed by 
the environment or by human effort. The hereditary 
endowment of any organism, including man, is an out- 
come of an evolutionary cleveiopment controlled by 
natural selection (see Chapter 4). Now, natural selec- 
tion is an agency of the environment, which changes 
the heredity by a subtle but nonetheless very effective 
method: by letting the well-adapted organisms survive 
and reproduce, and by failing to perpetuate the genetic 
endowments which are out of time with their environ- 
ment. Man has followed the example of nature when he 
changed, by artificial selection, the heredity of his do- 
mesticated animals and plants to serve his needs or 
fancy. And the obstacles in the way of the application 
of similar methods to the control of man's own hered- 
ity are chiefly sociological, not biological, in origin. 
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It is an old human habit to believe that one’s own 
family or race is better than the neighbors, but it is a 
relatively new idea to ascribe this superiority to inher- 
ited biological qualities. The Greeks of more than 2,000 
years ago felt quite sure that they were better than bar- 
barians, barbarians being generously defined as all non- 
Greeks; but they regarded the barbarian as inferior not 
because there was anything wrong with his body, but 
because his table manners, so to speak, were so bad. The 
Greeks could also detect the same superior attitude in 
other peoples of antiquity. As far back as the fifth 
century b.c. Herodotus, the great historian, wrote with 
subtle irony that Persians *look upon themselves as very 
greatly superior in all respects to the rest of mankind, 
regarding others as approaching to excellence in pro- 
portion as they dwell nearer to them; whence it comes to 
pass that those who are the farthest off must be the most 
degraded of mankind.’’ 

Later, it was not a Roman “race” that ruled so much 
of the civilized world but Roman ideas of government, 
Roman law% Roman discipline and military achieve- 
ment; and many a “barbarian” acquired this belief in 
Roman superiority by becoming a Roman citizen. 

Mohammedans are often, though quite wrongly, re- 
garded as intolerant, yet they always accepted without 
discrimination anyone who embraced their religion. 
The early Christians in general adopted the same atti- 
tude, paying little attention to biological or racial differ- 
ences, since they regarded as fundamental those differ- 
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ences in behavior which, like those of the Pharisees, 
arose from, differences in beliefs. 

In medieval lore one of the three wise men who carne 
to Christ in Bethlehem was pictured as a Negro. As 
recently as 250 years ago Peter the Great 
ported, among other marvels, a Negro boy. This lad ha 
a hard time convincing a prospective Russian fatliei -in- 
law that in spite of the blackness of his skin he was not 
related to the devil, but eventually he married mto the 
Russian aristocracy, and his great-grandson, Alexan er 
Pushkin, became the greatest of Russian poets anc one 
of the great poets of the world. 

The^idea of biological superiority based on race ap- 
pears in the Old Testament. Here it is quite clear that 
lehovah made his covenant with Abraham and wita 
ids seed,” that is, with those descended biologically rom 
Abraham. In the New Testament there are vivid de- 
scriptions of the conflict between this view and the 
radical, even revolutionary, doctrine of the universat 

brotherhood of man. , 

The issue is still joined. Many people declare it to he 
the “white man's burden" to rule men of all other col- 
ors. And so anxious have some white men been to lay 
this burden upon themselves that they used their su- 
perior weapons to light and kill colored people, anc 
incidentally other whites, for this privilege. Again a 
became useful to the German Nazis to think that then 
neighbors were biologically degraded. The world could 
only be benefited by the killing of Slavs and Jews and 
other “inferior races." Truly, race superiority is very 
useful when armies are on the march. 

But if ideas about war and conquest are as old as 
history, at least one factor has come into the world in 
recent times. This is the knowledge of human races and 
of human biology which is emerging from the studies 
of many scientists specializing in this subject. Militai) 
leaders and politicians have been learning how^ to use 
real or assumed scientific discoveries to add an appear- 
ance of respectability to their propaganda. Such propa- 
g'andaj,.even when directed to evil ends, can not accom^ 
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|)lis!i Its purpose if know the facts of human biology. 
^'Vliat then is the truth about race? What has science to 
say about it? 

Race Classification ■ ■ 

y\boiit one fact of cardinal importance practically all 
scientists are agreed: x\ll men belong to a single species, 
and there are no divisions between any varieties of men 
like those barriers which separate the species of animals. 
All kinds of human beings can mate and have offspring, 
regardless of geographic origin, color, or other biolog- 
ical difference. Ail have the same general character- 
istics, which caused the first great classiher of animals 
and plants, the Swedish naturalist Linnaeus, in 173B 
to assign all men to the species Homo sapiens (Homo 
for man, sapiens for wise, an opinion which we should 
probably only dare express in Latin!). Linnaeus placed 
this species at the pinnacle of the animal kingdom. 

Linnaeus knew, of course, that the men who inhabit 
the different parts of the world are not all alike, and so 
he divided the human species into four varieties, as 
follows: ■ 

americantis (A merican Indian)— T enacious, con- 
tented, free; ruled by custom 
europaeus— Light, lively, inventive; ruled by rites 
asiaticusStern, haughty, stingy; ruled by opinion 
afer (African)— Cunning, slow, negligent; ruled by 

The first classification was, as we see, based on char- 
acters of the mind and not of the body. The fault of 
this classification was that it didn’t classify: contented, 
lively and negligent people can be found everywhere. 

A little later (1775) the German scholar Blumen- 
bach, founder of anthropology, the scientific study of 
man, proposed to divide men according to skin color 
into five varieties and to each of these varieties was 
given the name ‘‘race/’ a term which had been em- 
ployed earlier by the French scientist Buffion. The five 
“races” of Bliimenbach tvere: 
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Caucasian or white 
Mongolian or yellow^ 

Ethiopian or black 
American or red 
Malayan or brown 

This was a biological 'classification which obviously 
described existing differences between large populations 
inhabiting different parts of the world. 

Other anthropologists thought that skin color was 
too superficial a trait and they resorted to measurements 
of parts and proportions of the body, particularly of the 
head. Races were recognized by head shape in conjunc- 
tion with particular combinations of other traits, nearly 
all of which were present to some degree in all “races’" 
and which were not constant within any race. Head 
shape as we know may differ sharply within the same 
family, even among brothers and sisters. 

The use of such methods led to a great multiplica- 
tion of races. Deniker in 1889 recognized 29 of them 
distinguished by hair form, with skin color and nose 
shape as subsidiary traits. In 1933 von Eickstedt set up 
three basic races, “Europid,” “Negrid” and “Mongolid,” 
with 18 “subraces,” 3 “collateral races,” 11 “collateral 
subraces” and 3 “intermediate forms.” In 1950, the 
American anthropologists Coon, Garn, and Birdsell, 
recognized 6 “putative stocks”— Negroid, Mongoloid, 
White, Australoid, American Indian, and Polynesian— 
and 30 different races. 

No agreement has emerged from such efforts as to 
what constitutes a race. The confusion is made worse 
by those who fail to distinguish groups resembling each 
other biologically from those united in a national or 
language community. “American” as applied to citizens 
of the United States can certainly designate no biologi- 
cal unit. There is no “American race” (unless it be the 
red men displaced by the immigrants from Europe); 
nor is there a Swiss race or a French race. A nation may 
consist of more than one race, and several nations, like 
those of the British Commonwealth, may be biologically 
alike. The inhabitants of northern Germany resemble 
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physically the inhabitants of Denmark and Sweden, 
more than they do the South Germans, who in turn are 
physically similar to some Frenchmen, Czechs and Yugo- 
slavs. You will not be able to distinguish by sight some 
Swedes, Finns and Russians, yet they speak very differ- . 
languages.. . ' ■ 

It is very easy to be deceived by differences amongst 
peoples even more superficial and easily acquired than 
language or ideas or religion. Dress and decoration, 
even hair-do, may make some people seem dissimilar as 
a group from the very population from which they are 
descended. If one were to aiTange a guessing contest as 
to what “race'' certain particular Europeans belong, 
it would have to be conducted either without any cloth- 
ing or decoration at all or with the neutral uniform of 
dress and hair style which the clothiers and permanent 
wavers of the city are spreading throughout all popu- 
lations. “Racial" differences have often been inferred 
from characters almost as transitory as these. 

The misuse of “race" for political and military pur- 
poses has brought the term “race" into such disrepute 
that many people, including some scientists, propose to 
abandon the term altogether as . applied to human 
groups. It is true that it is used in many ways. By “the 
human race" we certainly do not mean the same thing 
as “the races of man"; nor does the latter convey the 
same meaning of race as is intended in a discussion of 
the “races of Europe"; and yet there are human entities 
for which the term race, if properly used, could stand. 

If change of name could cure some of the ills which 
the race notion, or leather the misuses of that notion, 
have brought about, then it might be better to convey 
the idea of race in other words. Some have used “ethnic 
group" in place of race; but unfortunately “ethnic 
group prejudice" is easily exchangeable for “race preju- 
dice"; and one can hate “ethnic groups" just as venom- 
ously as real or imaginary races. 

Any one can see that the inhabitants of Chinatown 
differ in appearance from those living on Park Avenue, 
and that Pullman porters as a group differ .from train 
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conductors as a group. These are facts which require 
expression and understanding, and they will not disap- 
pear behind a changed name. There is no doubt that 
the popular idea of race as well as that held by the older 
anthropology are both invalid, but it takes some effort 
to see where the fallacy lies. 

How Races Are Distinguished 

How does a layman and how does a scientist arrive 
at the idea of race? Suppose that we consider the in- 
habitants of an American city, such as New York. We 
know the different kinds of people who live in different 
sections of the city, in Flarlem, in Little Italy, in the 
Norwegian colony in Brooklyn, and so on. As laymen 
we recognize the facial and bodily traits which are 
usual in the different groups. In Harlem the majority 
of people have dark skins, tightly curled hair, broad 
noses and thick lips, and we know that these have come 
from African ancestors. In the Norw^egian colony we 
find many tall people, many blonds, and many with 
blue eyes; whereas those of Italian descent tend to be 
shorter, brunet and dark-eyed. Amongst those of South 
German or Swiss descent we are more likely to find 
medium stature, brown hair, fair skin, and round heads. 

We might conclude that among these neighbors in 
the city we can identify four groups or races; African, 
north European, central European and south Euro- 
pean. Some anthropologists have called these Negro, 
Nordic, Alpine, and Mediterranean. If asked to describe 
what Negi'oes or Nordics are like we may make a sort 
of composite picture of all the Negroes or all the Nor- 
dics that we know; or we may pick out one or a fexv 
individuals who have struck us as “typicaF' and describe 
their qualities as those of Negroes and Nordics in gen- 
der al. 

The anthropologist has generally used refinements of 
these methods. He has combined the measurements and 
descriptive notes taken on a number of persons of a 
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ceitala group and lias calculated the average stature, 
average head shape, and the averages of other bodily 
characters. Fie gives this set of averages as the charac- 
teristic of the group. 

At this point, whether we have reached it by “scien* 
or by lavnieirs methods, the trouble begins. In 
the lirst place, we may make the mistake which has 
been so common in the past, of assuming some neces* 
sary connection between the physical characters which 
we have observed or measured and mental and cultural 
characters of the group. The skin color, hair shape and 
lip thickness of Negroes is known to be inherited and 
to develop as well in northern Harlem as in equatorial 
Africa. It is known also that most northern Negroes 
live in slums, enjoy jazz and engage in manual or 
menial labor. One is likely to jump to the conclusion 
that the economic and social and cultural position of 
the Negro is also inherited and will continue regardless 
of education and opportunity. But it is obvious this 
does not follow from the facts at all. 

Difficulties of Race Classification 

If we avoid succumbing to the above error, we must 
then learn to resist the temptation, which is even 
stronger, to identify individuals with races. Negroes 
and Nordics and Alpines differ as groups, but mistakes 
are bound to be made if one tries to place every person 
that one meets in one of these groups. Perhaps not 
many mistakes will be made in assigning persons to the 
Negro group on the one hand or to the Nordic on the 
other; but a veritable avalanche of mistakes will be 
made in trying to separate Nordics, Alpines and Med- 
iterraneans. Anthropologists armed with all their meas- 
urements are in little better position than the layman 
when it comes to deciding to which of these European 
''races'' a given person belongs. The averages may de- 
scribe very well the ideal Nordic or Alpine, but ideals 
and averages are abstractions, ■ and it is just a lucky 
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accident i£ the person whose race we ' wish 
happens to' have all his traits coincide' exactly: with the 
.averages ' for any one race. If we make many measure- : 
"ments'' 'and calculate averages for all of them' we may find 
ourselves in.' the" predicament that no: actually .existing' 
man : or woman of any race anywhere, conforms to the 
irace ideal. Since every- individnar differs' from any other , 
individual, everyone belongs to his own special race; 
but to say that makes the race concept absurd. 

Not only individuals but also whole groups of people 
are frequently difficult to place in any one race. Our 
ideas about Nordics come from our acquaintance with 
Norwegians and Swedes, and our ideas about the Al- 
pines from observations on southern Germans, Now, 
inhabitants of northern and central Germany are on 
the whole intermediate between Nordics and Alpines; 
yet, among them individuals may be found who are 
just as ‘^typical” Nordics and “typical’' Alpines as can 
be found anywhere. What race do these people belong 
to? We may try to escape the difficulty by saying that 
both Nordic and Alpine “bloods flow in their veins,” 
or simply that they are racial mixtures or hybrids. But 
a moment's reflection will show that this leads into 
another difficulty no less serious than the first. 

Pure Races? 

If you say that something is a mixture, you imply 
that pure ingredients which have been mixed together 
either exist somewhere, or have existed in the past. But 
where are the pure Nordics, pure Alpines, pure Mediter- 
raneans, etc.? Wherever you go., you will find that only 
very few, if any, inhabitants of a country conform to 
any possible notion of racial purity and uniformity. 
For example, you will meet a lot of tall, blond and 
blue-eyed persons in the city of Oslo, Norway, but you 
will find there also many individuals with brown eyes 
and dark hair. There is nothing to indicate that the 
possessors of these un-Nordic colorations- are any less 
native to the city than are the blue-eyed blonds. Sinii- 
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larly, blue-eyed blonds are met with Gccasionally. amoiig;; 
Spaniards, most of 'whom are brunets. ' 

As a last resort, one may suppose that, although no 
countries inhabited by ‘"pure” Nordics and 
Alpines (or by any other ‘"pure” race for that matter) 
exist, at 'present, such countries did exist in 'the; past;' 
This supposition is actually implied in most popular 
discussions of the “race problem/’ Back in some distant 
Golden Age people zealously kept their race “pure/’ 
and this made them strong and wise. Recently they al- 
lowed themselves to become mixed or “mongrelized/' 
and the twilight of humanity is about to swallow us as 
a consequence. Such notions are, however, definitely 
refuted by scientific data. Race mixture has been going 
on during the whole of recorded history. Incontrover- 
tible evidence from studies on fossil human remains 
shows that even in pre-history, at the very dawn of 
^ f humanity, mixing of different stocks (at least occasion- 
ally) took place. Mankind has always been, and still is, 
a mongrel lot.. 

To be sure, the growth of the world’s population in 
I the last two hundred years, coupled with the develop- 
: ment of the means of travel and communication, has 
^ enormously speeded up the process of mixing of the 
human races. Mixing of at least closely related races 
(such as those living in different European countries) 
’y; appears, however, to be biologically desirable rather 
than the reverse. A gradual increase of the average stat- 
ure has been going on in most civilized countries of 
the world during at least the last hundred years. This 
becoming taller is due in part to improvement of hy- 
gienic conditions and to better nutrition, but in part 
also to the lifting of barriers which in the past sepa- 
rated different peoples so that “tail” genes could spread 
more widely. However that may be, nothing can be 
more certain than that pure races in man never existed 
■vi; and can not exist. , . 

But suppose that the population of a country, a city, 
or an island were isolated from any immigrants from the 
i outside and allowed to breed for many generations 
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within itself, would not this population eventually 
come a “pure” race? -Here we come to a matter of crucial 
importance for the understanding of the whole problem v 
of race. “Pure” races could exist only if heredity were 
like a fluid transmitted through “blood,” and if the 
hereditary “bloods” of the parents mixed and fused in 
their offspring. We know that this does not happen. 
The experiments of Mendel and the calculations of 
Plardy and Weinberg showed that heredity is trans- 
mitted not as fluids which can be mixed and diluted, 
but in discrete packages called genes, so that a child 
inherits just 1/2 of the genes each of its parents pos- 
sesses, and that brothers and sisters receive different 
sets of genes. The old race notion is based on the 
“blood” theory of heredity; and the old idea of race is 
just as fallacious as the blood theory. 

Suppose that individuals with blue eyes and blond 
hair, and with dark eyes and black hair, exist in a cer- 
tain population. If the hereditary “bloods” were to mix, 
all individuals in this population would eventually | 
show a uniform mixture of light and dark complexion: | 
they would all have light brown eyes and hair. Actually | 
the genes for the different eye and hair colors do not \ 
mix. Populations descended from Europeans will always | 
have individuals with dark and light brown and blue 
eyes, and with black, brown, and blond hair. They will ; 
always stay mixed, and will never become uniform or ^ 
“pure.” _ _ i" 

When a trait, such as the skin color in Negroes and 
whites, is determined by cooperation of several genes, 
it may seem that the hybrids, the mulattoes, are all 
uniformly coffee-colored. But we know that this is in 
reality not so, because Mendelian segregation takes 
place. Although the average skin hue in mulattoes is 
intermediate between black and white, individuals with , 
very light and with very dark skins are also born. Any- . 
one who has observed the Negroes in the United States r 
knows how ti’emendously they vary in their physical 
traits. Now% most .of them, are of course hybrids, de- 


Race 117 


scendants of persons of African and of European origin. 
Supposing that no more Negro* white crosses 'Occur from: 
now on; the American, Negroes may eventually become a 
little more homogeneous than they are at present, but 
certainly nothing resembling complete uniformity will 
ever be reached. Some anthropologists consider this 
variable group a race in the making, designated as 
American, 'Colored. 

We can see where the old race notion went astray, 
it assumed, tacitly or explicitly, that a race is a “com- 
munity of blood.'* If that were so, the racial “ideal" 
obtained by averaging the characteristics of a group of 
peoples who have intermarried for generations would 
have some meaning: this “ideal" would approximately 
correspond to the type which would eventually be 
reached if this group were to continue intermarrying 
without any immigi'ation from the outside. The hered- 
ity of any individual would be determined by the race 
from which he sprang. Every one of us would be, in 
a very real biological sense, blood of our race’s blood 
and bone of our race’s bone. The fact is, however, that 
every group of people consists of individuals who have 
certain genes in common but differ in other genes. 
Parents always differ in several, and probably in many 
genes. Their children differ in some genes both from 
their parents and from each other. The hereditary di- 
versity of a group, be it a family, a clan, or a race, per- 
sists indefinitely. The heredity of an individual is only 
partly determined by the race from which he sprang. 
The diversity, the variation, found within a race is 
more important than the racial averages. 

Definition of: Race, 

People differ in the color of skin, eyes, hair, in stat- 
ure, bodily proportions, and in many other traits. Each 
trait is determined by several, often by many, genes. 
How many variable genes there are in man is un- 
known; certainly hundreds, possibly thousands. Because 
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of. this, some of m have blue and others brown eyes, ■ 
some have prominent and others flat noses, some are 
tall and others short. Such differences are, of course, '% 
common among people of the same country, state, / 
town, members of a family, and even brothers and sis- 
ters. We do not suppose that every person with blue 
eyes belongs to a different race from everybody with 
brown eyes. It would be absurd to do so because blue 
and brown-eyed children are frequently born to the 
same parents. It happens, however, that certain genes 
are more frequent among the inhabitants of some coun- 
tries than of others. Thus, blue eyes are very common 
in most parts of the United States but rather rare iq 
most parts of Mexico. It is this and similar differences 
which make it possible to say that the inhabitants of 
the United States are in general racially distinct from ' 
the inhabitants of Mexico. Races can be defined as ? 
populations which differ in the frequencies of some | 
|piiie'::or';'gene^^ ■; ■ ■■ . , ■ ■ 


Blood Groups 

Now let us try to understand the racial subdivision 
of mankind in the light of this definition. One of the 
most interesting human genes is that which determines 
the blood group to which each person belongs. It was 
of practical importance to work out the inheritance of 
this gene because of its relation to blood transfusion, 
the giving of blood by one person to another, so that 
the distribution of the varieties of this gene amongst 
the inhabitants of different parts of the world is now 
pretty well known. Our understanding of this wdiole 
question began in 1900 when Karl Landsteiner, then of 
Vienna, found the reason why blood transfusions from 

severe reac- 


one person to another sometimes produced 
tions of shock and sometimes even death of the recipi- 
ent, . while in other cases transfusion was successful, 
Landsteiner found that all human beings fall into four 
main, groups- according to the composition of their 
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blood. The groups are known as O, A, B, and AB. Blood 
transfusion between members of the same group is safe. 
Blood from people of group O can safely be given to 
persons of any group, hence group O people are known 
as ‘'universal donors/’ Persons of group AB are “uni- 
versa! recipients” since they can safely receive blood 
from any other person. But A blood can not be given 
safely to O or B persons, B blood should not be given 
to O or A persons while AB blood causes trouble when 
transfused into O, A or B persons. To which group you 
belong can be found out by drawing a drop of your 
blood and mixing it with some drops of blood serum 
(the fluid part of the blood from which the corpuscles 
have been removed) of persons known to be of group 
A and group B. If your blood corpuscles clump to- 
gether or “agglutinate” in B serum, you belong to 
group A; if they clump in A serum, you belong to 
group B; if they clump in both A and B, you belong 
to group AB, while if no clumping takes place in either 
serum, you belong to group O. The whole examination 
takes only a few minutes and the clumping is perfectly 
clear under a microscope, or, with practice, it can be 
seen with the naked eye. 

Genes and Geography 

Within the last twenty to thirty years the blood 
groups of peoples in all parts of the world have been 
studied. The most interesting result of these studies has 
been that, with fe%v exceptions, nearly every human 
group examined has been found to consist of a mixture 
of the same four blood groups; human races differ in 
the relative numbers of persons within them which fall 
into each of the four groups. Universal donors, group 
O, are found in every race and are generally the com- 
^ monest type; group A is also common, while group B, 
and especially AB, is less common. The table below gives 
some idea of the frequency of the blood groups in dif- 
ferent parts of the world. 



I' RfX^UENCIES (IM PER CENT) OF INDIVIDUALS OF THE FOUR 
BLOOD GROUPS AMONG THE INHABITANTS 
OF DIFFERENT COUNTRIES 

People O A B AB 

ASIA 

Chinese 34 31 28 7 

Buriats 32 20 nq 8 

Japanese .... 30 38 22 lu 

Siamese .37 18 33 10, 

Javanese 30 25 37 8 

Indians 

(Bengal).., 33' 20 39 8 
AUSlltALIA 

Aborigines ... 48 52 a o 

AFRICA 

Egyptians .... 27, 39 25 9 
Ethiopians ’ 43 27 25 5 

Madagascans . 46 28 ■ gjj ■■ 

Pygmies gi go st\ io 

Negroes . sg , 5 

If we begin a trip around the world on the Atlantic 
seaboard of Europe, we find among the English, Por- 
tuguese and Spanish populations about 40 to 50 per cent 
of persons of group O, about the same proportion of 
group A and about 10 per cent of groups B and AB. As 
we move eastward in Europe, groups B and AB become 
commoner and O and A diminish correspondingly until 
among Russians and Poles about 30 per cent of the 
population are B and AB. Crossing into Asia ive find 
still higher proportions of B. Africans vary in blood 
group frequencies about as much as Europeans do, 
while American Indian groups differ a good deal among 
themselves, although most of them show high frequen- 
cies of O, some of A, and few have B or AB. 

The most important lesson we can learn from this is 
that the races differ in blood group type only in a rela- 
tive way. There are no absolute differences in which 
one race is all of one blood type and another all of \ 
another type. Consider what this means. Suppose your 
blood is group O, that you are wounded and need a 
blood transflision and that many persons have offered 


EuimpE 
...48 42 

••• 4> 47 
...40 42 
... 36 43 

...32 38 

...32 34 
...38 46 
•••34 42 
..36 42 
...46 34 


English .... 
Spanish . . . 
French . . . 
Ceniians . 

Poles 

Russians . . , 
Swedes . . . , 
Finns .... 
liungarians 
Italians . . . , 
Cn'(‘eks . , . . 
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to donate tlieir blood, whom should yon. choose as a 
..Idood donor? The old and obsolete theory of heredity, 
and the ideas about race based upon it, would counsel 
von that a blood most similar to yours would be found 
ill a person of the same race, and particularly in your 
close relatives, brothers or sisters. You may also hear 
that you should choose as blood donor a person of up- 
right character and good disposition otherwise you niay '■ 
be contaminated , by bad blood. 

Blit you had better disregard such advice. If your 
brother has A, B or AB blood the transfusion would 
probably be fatal to you because his corpuscles would 
clump in your blood and clog the small blood vessels. 
On the other hand, a native of any land who possesses 
blood of group O will be a better donor regardless of 
his race or moral qualities. It is wiser to choose your 
donor according to his blood type, which is determined 
by his individual heredity, than according to the race 
from which he sprang. It is this property of his blood 
that matters, not his skin color, intelligence, or morals. 
By analogy, if you wish to hear good music it is wise 
to choose an artist who is a good musician; his blood 
group does not matter, nor is his skin color relevant. 
When you vote in a political election, the intelligence 
and honesty of the candidate, not his blood group or 
■musical abilities, are relevant. 

The Relativiiy of Race 

The above coiickisions sound pretty sweeping. Is it 
possible that they don't apply to characters other than 
the blood groups? While it is true that the blood groups 
are unusually clear and simple hereditary characters, 
diey are not at all exceptional, since genes responsible 
for other traits show the same kind of distribution over 
the face of the earth. Take the first human gene dlb 
ference mentioned in this book, the one which deter- 
' mines whether you can taste phenyl-thio-carbaraide or 
not. This difference has been found' in every human 
population which has been tested; ,sd''fer'-as' known, 
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every race consists of tasters and non- tasters in profit 
tions which are characteristic for the country but differ 
somewhat from country to country. The same is true 
of tlie gene for color-blindness, which is found in per- 
sons who cannot distinguish red from green. This crop 
out in every race, albeit with somewhat diixerent 
quencies. The same experience is repeated with genes 
for other blood characters, for various hereditary dis- 
eases and many other conditions. 

It looks as though the whole human race had got its 
genes from the same source. One can imagine a huge 
aquarium tank in which a great variety of diffpently 
colored fish are swimming. There comes an pder tor 
fish to populate an aquarium in Utah and the shop- 
keeper dips his net and brings it up full of Mashing 
fishes—many gold, some silver, a few black, some with 
fantaiis, some plain and many other kinds in differpt 
quantities. From this collection, there is established a 
population in a Salt Lake City pool, which may even- 
tually be known as the Salt Lake City race. In response 
to a request from Buenos Aires the net dip in again 
and comes up with another collection, containing many 
of the same kinds as tvent to Salt Lake City, but in 
somewhat different proportions, lacking entirely a few 
of the rarer kinds but containing one or two different 
rare ones. Moreover in Argentina it turns out that the 
customers, naturally enough, like silver fish, so these 
are bred in larger numbers than the others and the 
proportions of the original sample are changed further. 
Everyone can recognize that the fish of the Salt Lake 


used by anthropologists in characterizing races. A fa- 
^ vorite trait of this sort has been head shape. Heads do 
j not_ vary, as blood types do, in sharply defined, alter- 
native categories. The variations are continuous from 
very long and narrow to very short and broad, with all 
intermediate shapes, and the differences probably de- 
pend not on one or two but on many genes. Heads of 
all shapes, long, medium and round, occur in all Eu- 
ropean countries, just as the four blood types appear 
in all of them; and as in the blood types, the propor- 
tions of persons with the different head shapes vary 
rom country to country and from district to district, 
oundheads are common in Central Europe— 'from 
Fiance, through southern Germany and northern Italy, 
to Czechoslovakia, southern Poland, Hungary, Yugo- 
slavia and Albania. The inhabitants of the British Isles, 
most of Scandinavia, and the Baltic provinces of Russia 
are mostly longheads. Another region of longheaded- 
. ne^ is found in the South-Portugal, Spain, southern 
Italy. Between these regions in %vhich roundheads or 
longheads predominate, and also in most of Russia, the 
population is mostly intermediate in head shape. Peo- 
pk with round and with long heads are found also out- 
A ^ Europe. .4s examples of roundheads there are 
Apache Indians in America, Tahitians in the South 
Seas, and many tribes in Central Asia and in Siberia. 
Among the_ longheads are many Eskimos in America, 
the Australian Blackfellows, many Africans, and some 
Indian tribes in Asia. 

Now the reason should be apparent why different 
scientists who attempted to classify mankind emerged 
with such different collections of “races.” It is because 
the genes for different human traits vary quite inde- 
pendently of one another. If we were to classify Euro- 
peans according to their blood groups, we would prob- 
ably make a “Western race” embracing English, French, 
Portuguese and Spanish, who have little blood group 
B, a Middle race” with a moderate amount of E, and 
an Eastern race” (Poles, Russians and Finns) in W'hich 
group B IS frequent. According to the. shape of the 
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head, we should rather distinguish a '‘Central Euro- 
]iean'' race where roundheads predominate, and two 
longheaded races— a "Northern'' and a "Southern. ' It 
is not immediately evident why one of these classifica- 
tions should be preferred to the other. 

Taking mankind as a whole, the usual coloration of 
the hair is black, of the eyes dark brown, and of the 
skin more or less brown. It is only in Europe, and par- 
ticularly across the northern part, from England, 
through Scandinavia and northern Germany to most 
of European Russia, that there is a large center of 
"blondness.” From there these fair-skinned people have 
within the last few centuries spread all over the world. 
Southward and eastward from the northern countries 
the proportions of individuals with blue eyes, blond 
hair, and fair skin decrease and of those with brown 
eyes, brown or black hair, and swarthy skin increase. 
The "Dark Continent,” Africa, is, of course, the world's 
center of dark pigmentation, although some of the na- 
tives of South Africa have again lighter skins, Asia and 
America are realms of yellow, browm, and "red” skin 
colors, although in some parts of Asia ( southern India) 
and in Melanesia (New Guinea) the skin colors ap- 
proach black. 

The distribution of stature (height of the body) 
agrees neither with that of the blood groups, nor with 
that of the head shape or coloration, and we find a still 
different distribution if we study other physical fea- 
tures such as nose shape or ear form. It is easy to see 
then that the distribution of the genes which determine 
human "racial” traits over the earth's surface is very 
complex, and that different genes vary independently. 
Where does this leave the problem of the races of man? 
Well, the attempts to subdivide mankind neatly into 
several hard and fast racial compartments evidently 
have failed. They were based on false premiseS“”On the 
belief in the "blood” theory of heredity. The sooner 
this fallacy is recognized for what it is, the better. But 
do not jump to the conclusion that mankind does 
not consist of races. The trouble is precisely that there 



are too many different races of too many different 

Races are populations which differ in the relative ^ 

commonness of some of their genes. If we make a care- 
ful study of the populations not only of different coun- 
tries but even of provinces or districts of the same 
country, in fact of neighboring villages, we shall almost 
certainly find them somewhat different. In one vi age 
there will be relatively more brunets and in the other 
more blonds; in one district the universal blood donors 
will be more frequent than in the other. The popula- 
tions of these villages or districts are different races by 
the above definition, but you will never be certain from 
which village an individual came by merely looking at 
him or by examining his blood. On the other hari , 
it is easy to distinguish individuals of Central Africari 
from those of Central European parentage. All sorts of 
situations intermediate between these extremes also 
occur. If a group of people, some of them of Norwegian 
and others of Italian descent are present in the same 
room and you are asked to tell which is which, you 
will probably guess mostly right but you will make 
some mistakes too. In short, when we say that two 
populations are racially different we are not saymg very 
much. They may be so different that it is possible to 
tell to which of them any individual belongs, or so 
similar that only very careful study by specialists can 
reveal their distinctness at all. 
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Italians belong to the same race. Races merge into eaA 
S geSraphically. H we .tav.1 from No™>V 
ward, through Germany, Switzerland, and ^ 

find that blue-eyed individuals become gradual y » 

*a"d ;^2e,edUe, Sr“ 

break or a divide on the two sides of 
suddenly so different that we can say that nere ti 
northern race ends and the southern one begins li 
we make not two but three races, a northern, a centi , 

and a southern, the difficulty becomes even greater 
because instead of one indefinite boundary we ha e 
nvo hazy boundaries to contend with. • 

Only rarely can a more or less definite and not qui . 

arbitrary line be drawn between "'t^3i7s 

bv different races. This happens when ‘beir tern tories 
are separated from each other by some natural pbstacl 
such as a desert or a mountain range, which impedes 
the movement of people from one territory to the other 
Suppose that we continue our voyage southward from 
Nomay bevond Italy. As we cross the Mediterranean 

Sea, the inhabitants of North Africa prove to be rather 

distinct from the Italians, although they sti 

Kr'an rill nf tbci wbit6 TSCC. ii'llltncr 







fentually, a situa^ 

one can recognize anything from a s g 

%rr"d'rorco„c.„<ie,— 

dividing lines between races are suburban 

races are imaginary entities, „ ^he city 

landscape one can not always be 
begins and the country ends but it does not 
thfs that the city exists only in imagination. Races exist 
of Jethor «e in en.il, d.fine *0™ or "Of 
It is a plain fact that most Norwegians can be apai t 

from most southern Italians by appearanc , ■ 

tme reoardless of whether or not ,on dec.de to oil 
-hem diSmnt races. Whatever ,our decnon on th» 
score remember that differences between races are com- 
noimded Srthe kind of differences that are found 

between individuals of the same race A hiS 

carry some genes, and show some physical ti aits, whicn 
are Klly “Italian,” in the sense that they are more 
:ironly met with in Italian than in N-wegia^ 
lations A child born of parents of a given lace uoe. 
not necessarily possess all the traits ^hich are usujilly 
met with in representatives of that race. The pe - 
qualLs of ar. individual are more important than die 

”'Le^»” " “ « ‘la. v,e undershtnd clearly 
4 mS botdariel are sharp if an obstacle to travel 
lies^ between the lands of these races, 
definite where the races come into contact. When peopR 
visit each other’s homes or countries, they ^earn to 
know to understand, and usually to like each other. 
One of the consequences is increased freqtien^ o in 
termarriage. This, the old biologists and anthropokx 
o'ists thought, leads to mixture of the bloods of the 
races and^ appearance of intermediate or 
Groups AlthJugh the “blood” theory of heredity is 
wrong, the view that intermarriage 
To thdr eventual fusion into a single variable ^oup is 
correct Suppose that one race has 90 pei c 
M tiS. blue and .o per cent with bro«n eyes, 


- 


cmi DFo^Micycu q£ couples m which one 

pX“uSd the other brown eyes will be peater 
CSriages take place only 

thp same race. Of course, no mixing or tusion ot u... 

r r t-liP hhip and the brown eye colors takes place 
rSe“,tirwh« wm happen, hoover is .ha. 
broTOwd individMls will be commoner than diej 
pSominan.1, blue,. 5 .ed race. a..a blue^yed 
individuals will be commoner than tliey weie in the p 
dominantly brown-eyed race. If f 

long enough the proportions o e nooulations 

eyed individuals will become alike in both populations 

-that is the two races will be merged into one. 

This kind of mixing does not mean the oss of iden 
tity of the elements, that is the genes. § '5 “""j 

race its character. In fact, it is ]ust 
the genes through all the mixing of races whidr has 
gone on throughout human history, 

Ible, today, the separation of races as 

in the frequenq- of certain genes. One 

integrity of the genes to the stubbornness with which 

chemical elements retain all of their 

erties regardless of the succession of 

which they enter, or to the recovery of ^ach pack o 

differently marked cards after a pme m which several 

packs have been merged into a single stock. 

Human races differ usually m many genes and mani 
traits. Intermarriage pushes the frequencies of ^11 *ese 
genes toward equality in both races. Suppose “ost 
individuals of one race are blue-eyed, ffogheaded an 
tall, and of the other race brown-eyed roundheaded 
and short. The “mixed race” which will einerge after 
continued intermarriage will show a great diveKhy o 
physical types. There will be individuals with blue and 
with brown eyes, with long, intermediate, and loun 
heads, tall, intermediate and short in stature. There 
will arise individuals having combinations of traits 
t..h,Vh sHdom or never were found in the original 



races, such as the combination of blue eyes, 
head and intermediate or tall stature. Negroes 
United States are a “mixed race” descended t 
intermarriage of representatives of many tribes 
lived originally in various parts of Africa and ot 
strains of white people from Europe. The skin < 
American Negroes varies from black to a shade 
as can be found among “pure” whiles; the nos 
from extremely fiat to very prominent; hair iroir 
curled to almost straight; stature from giant tc 
.'■'.etc. 

If all peoples 
1 ^ ^ “ 

mistakenly supposed, be 
between all the now existing races, 
an extremely variable lot: some persons 
of the now existing races would continue 
but other individuals 
that are rare or noll-^ 

The present 


If all peoples on earth were to intermarry at ranaom, 

the resulting humanity would not, as is frequent 7 

' some kind of a compromise 
It would rather be 
resembling each 
to be born, 
i would have combinations of traits 
■existent at present. ^ . 

racial subdivisions of mankind owe their 

continued persistence to the 
members of different races are less frequent than mar 
Sges within the races. People tend to marry members 
of their own race for several reasons.^ The , 

tant reason is a geographical one. It is obvious ^at the 
chance of a boy born in New York marrying a New 
York girl is greater than the chance of his marrying a 
girl from any other town in the United States «ot to 
mention other countries. The importance of distance 
in human life, however, progressively ^ ' 

zation develops. As men learned to travel, first on loot 
and then by canoe, on horseback, by 
ship, train, automobile and airplane, marriages of per 
som born in different parts of a country and even m 
remote parts of the world became more and more tre- 
quent. The exchange of genes betwep 
segregated races has increased hand in hand with the 
' conqLst of space. There is no doubt that _ 

lea^ slowly but inexorably toward breakdown of race 

divisions. 



Races of Man and Breeds of Animals 

Although putting racial labels on human populatiom 
is an arbitrary procedure, it is a 
species is not homogeneous but consists «f 
of various orders which differ from each 
relative commonness of many genes. Biologica ^ • 

subdivisions are quite analagous to 
species of animals or plants in nature, and 
or varieties of domesticated animals and cultivated 
plants. All of these arise in the course 
through the occurrence of mutations, gene recombina- 
tion, and natural or artificial selection of those col ■ 
lions of genes which are suited to certain environmen . . 

And yet, races of man also have characteristics whi 
distinguish them from races of other animals.^ Men are 
subiect not only to biological but also to social forces, 
and these two kinds of influences are in continual intei- 
action with each other. 

While races of wild animals and plants are kept apait 
by geo^aphicai separation alone, human races may be 
isolated by cultural barriers. Civilized as wp as primi- 
tive men have certain rules which govern the choice of 
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i?the° partisans of this measure 

genes between flow of 

legislation-instead of means-custom and 

Milder forms of social separation, 

of groups of people such ^ intermarriage 

cational and kn^ua«f> • * ^^^S’^ous, economic, edu- 

«^J^arIy Toward 

somrsiSe*ibut^mi,T^^'a‘ ^'^oiferously expressed by 

may even lead to inrrpa«#>!f^”-^ closely related races 
tantly separated races there ^®.^or the most dis- 
that either b oloS%? ™ “ ^^ot to think 

lows crossL^ The f • f or deterioration fol- 

bybriHe fnfSorT^Srl ^^oe 

co„„i;”«s “ S,:L‘S''rr^ 

‘mong the suner^ftfiL. ^ b^ counted 
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part of the evolutionary process, by which populations 
vvithin a species become adapted to a particular en- 
vironment. Racial variation in skin color has, for exam- 
ple, been viewed in this way. If biological evolution has 
caused races of man to diverge in physical characters, 
should it not have done the same for the mental capaci- 
ties and aptitudes of these people? 

Both of these arguments by analogy are imconvincing, 
i)ecause they are based on a misunderstanding of the 
nature of biological heredity. It has been pointed out 
repeatedly in this book that what is inherited is not 
this or that trait, but the manner in which the devel- 
oping organism responds to its environment. Now, the 
amount as well as the kind of variation which a trait 
shows in different environments is decided by the 
liereditary makeup of the organism. For example, indi- 
\iduals who carry the genes for the O, A, or B blood 
groups have the respective blood groups regardless of 
their state of health, the climate they live in, or the 
nutrition which they receive. The blood group is rig- 
idly fixed by heredity. But the skin color is not so 
rigidly fixed, since it can change rather rapidly depend- 
ing upon the exposure of the skin to sunlight. Finally, 
whether or not an individual gets into conflicts wdth 
the law depends upon the personas upbringing and cir- 
cumstances, and also upon the kind of laws which the 
society sees fit to establish. Human behavior is, then, 
quite plastic and can be changed by the living condi- 
tions. 

The important problem is why some traits are more 
and others less fixed or plastic. The fixity or plasticity 
of a trait is a matter of evolutionary adaptation. By 
and large, the traits which are important for the sur- 
vival in ail the environments which a species or a race 
normally encounters are fixed; the development of the 
organism is so ^‘buffered'' against external disturbances 
tha.t the trait almost invariably appears. Thus, man is 
almost always born with and grows up having the same 
set of internal organs, of physiological functions, and 
with, a, capacity ’td-reasbn-'and to learn from experience. 
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Bec it is also advantageous for the safety- of the organ* 

^ ism to have some traits change rather easily when the 
, environment changes. For example, dark skin pigmen- 
tation IS advantageous during summer vacation on the 

^ seashore. But little skin pigment.ls -supposedly advan- 
tageous to secure a supply of vitamin D (the “simiigiit'^ 
vitamin) when sunlight is scarce. The genetic constitu- 
tion which is most favorable in a changeable climate is, 
tlien, one^wiiicli permits the development' of darker or 
lightei skin colors at different seasons and in differetit 
climates. ; 

I lie relative fixity of the temperamental make-up of 
horse or dog breeds is, then, understandable. These 
Ineeds have been fashioned by man and intended for 
dilleient uses. A great Dane with the temper of a fox 
leuiei might be dangerous, and a fox terrier with the 
temperament of a great Dane would be boring. Tiie 
gaietic component is important in the temperament 
... of these breeds. It has been made important by selection 
^ and breeding. But has there been a similar selection in 
the evolution of man? 

It is obvious that diffei'ent social positions and differ- 
ent trades call lor somewhat different behavior patterns. 
Ihe qualities most useful in a military leader are not 
the same which are most favored in a writer or a scien- 
tist, and vice versa. The mentality of a nomadic hunter 
IS usually different from that of a farmer. But the pre- 
eminent requirement of living in any human society is 
very nearly always the same: it is the ability to iearii 
lioni experience and to adjust one’s behavior to the 
needs and circirnistances. This requirement is funcla- 
mental for living in any culture or civilization, from 
the most primitive to the most complex. Accordingly, 
the process of selection which has been, and stilt is, 
most powerful and persistent in human evolution is 
^ that for the ability to learn new' ways of behavior, new 
jjj^iechniques of doing things, and new skills. 

In short, the human species as a ivhole has developed 
away from genetic specialization and fixity of behavior, 
and toward educability. This is true for all races of 



134 Heredity, Race and Society 

man and for all climates. Therein lies the most im- 
portant biological feature of the evolutionary pattern 
of mankind. Breeds of dogs or of horses have been 
deliberately fashioned for performance of different 
services by making their genes different. Man is certainly 
capable of pursuing a great variety of ways of life. But 
he is enabled to do so by different training and educa- 
tion, not by acquiring different genes. This does not 
mean that the genetic differences among men do not 
affect their mentality. But from the vantage point of 
evolutionary biology we can see that such differences 
are not fundamental. Far more important is the fact 
that human capacities are developed by training from 
childhood on. Pathological cases aside, human person- 
ality is shaped mainly by the patterns of interpersonal 
relations which prevail in a given culture, and by the 
individual experiences of each member of a community. 
This genetically conditioned educability has guaranteed 
the success of mankind as a biological species, and has, 
in turn, permitted progressively more advanced cul- 
tural developments. 

Concluding Remarks 

Although universal uniformity of men appeals to 
some people, there is no reason why monotonous same- 
ness should be our goal. On the contrary, such a pros- 
pect appears bleak in the extreme. Psychological and 
cultural differences among individuals and groups fur- 
nish the leaven of creative effort which carries mankind 
toward ever greater achievements. The question of 
whether or not human races differ in hereditary psy- 
chological traits for the time being must be regarded 
as open. We know that a variety of different civiliza- 
tions have existed and exist in the world. The differ- 
ences between them certainly can not be accounted for 
by the biological differences between the groups of 
people who created, developed, and maintained these 
civilizations. The differences between the so-called 
*'race psychologies'' are determined by the cultural dit 
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ferences to an extent assuredly greater than they may 
be influenced by biological heredity. Furthermore, psy- 

chic differences between individuals are certainly much 

faces^^ average differences between nations or 

We have seen that the psychic trait which has been, 
and sti l IS, most favored m human evolution is the 
ability to profit from experience, the educability. Now 
eilucability does not make all men alike. The exact 
opposite IS true. The survival advantage of the ability 

precisely in that thi 
development of a person can be turned in any one of 
many possible directions, as necessity may demand. Edu- 
cability permits, then, a vastly greater diversity of hu- 
man personalities than could possibly arise if human 
mentality were geneticaHy fixed, as it is, for example, 
m the inhabitants of the anthill. Far from fosterin- 
mental uniformity, human evolution has led to increas” 
mg diversity. 

Regardless of how the problem of the relations be- 
tween biological heredity, individual and group psy- 
(iology, and culture may eventually be settled, the 
variety of human cultures will appear to us an inspira- 
tion rather than a curse if we learn tr, -i. 
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TT (taster) 
rr (taster) 
tt (non-taster) 
tt (non-taster) 


TT (taster) 

U (non-taster) | 
TT (taster) f 
tt (non- taster) 


Why Do the Proportions of Dominant and 
Recessive Genes in a Population Remain Con- 
stant from Generation to Generation? 


Suppose that a previously uninhabited island or other 
unoccupied and isolated tract o£ land is populated by 
a group of immigrants among whom there are as many 
individuals who can as those who can not taste the 
PTC substance. The ability to taste PTC is, as we 
know, due to the gene T, the inability to taste it to the 
gene t. Suppose that the tasters are all pure (homozy- 
gous) for the gene T (TT). This gene, T, for tasting 
is dominant to that for non- tasting, and the non- 
tasters are always pure for that gene (ti). What propor- 
tions of tasters and non-tasters will be found in the 
population of the island in the next and in all follow- 
ing generations? Since it does not matter for people 
whether or not they can or can not taste PTC, and 
in fact very few people know to which of these t%vo cate- 
gories they belong, the ability or inability to taste this 
substance will not affect the marriage choices among the 
immigrants. In other words, the chances that a taster 
will marry another taster or a non-taster will be deter- 
mined simply by the proportions of the tasters and 
non-tasters among the eligible mates. If so, the married 
couples and their progenies will be about as follows: 


MAIUIIAGES 

Man Wife 


Proportion of 
the marriages 


25% 

50% 


Children 
TT (tasters) 

Tt (tasters) 

U (non -tasters) 
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derive a value of (i-q)® “ ;§°’ ^p^l^o'n^Its^of about 
that is “^-erican pool o^^ 

45 per cent T and 55 per cen , ..„o„:(ied no inuni' 

stant generation after generatio > P , ^ 

grants'mth different P^oporUonsoL en 

disturb the gene frequency and that mutation 

favor either T ot t. K»tnvP in the same way 

happen in human populations. 
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